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PREFACE

A revised edition of Dr F. Bockmann's Cheniisch-tedmiscJie Uiiter-

stichungsmetJioden, edited by Professor G. Lunge, was published in 1899,

and very soon became recognised as a standard work on the subject.

A considerable time had elapsed since the last edition by Dr Bockmann
was issued, and the interval had been one of rapid progress in all

branches of chemical industr}-. Professor Lunge's revised version

appeared therefore as practically a new book, extended in material and

in scope, and adapted to modern methods of work. In 1904 a second

edition was called for, in which the whole of the subject matter was

thoroughly revised and brought up to date.

The plan of the book consists in the treatment of the technical

methods of analysis, applicable to specific industries, in separate sections
;

all the important inorganic and organic industries are dealt with, and

each section has been written by a contributor fully and practicall}^

acquainted with the subject. The chief methods of analysis are given

in all cases, but full details are described only for those methods which

have proved good and reliable in the hands of the writers of the various

sections, or which are otherwise recognised as efficient. So far as

possible, each section is similarly arranged, the raw materials being

treated of first, then intermediate products and methods of control in

working, and then final products. A general introduction on analytical

methods is included in Volume I., in which the more common operations

and apparatus are dealt with.

The English translation has been made from the second German
edition.

As the industrial processes, methods of analysis, and legislative

conditions are, in many respects, different in this country from those

obtaining abroad, almost all the sections have been submitted to experts

for revision, so that the English translation has thus been thoroughly

adapted to English conditions of manufacture, by specialists fully

familiar with the methods of work in use in this country. The contents

of each section have been brought well up to date by this revision, and

special care has been taken to include references to English work and

literature.
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This revision has been made as complete as possible, without

materially extending the subject matter of the several sections. In a

few instances portions of the German text have been omitted, owing,

to their being inapplicable to the conditions of work here ; in such cases

the omission is noted in the translation, and a reference is given to the

original text. Such further additions as were necessary to bring the

contents of the book up to date, since the publication of the second

German edition, have been added to the English translation by Prof.

Lunge and by the Editor.

The book will be issued in three volumes, and a full index will be

provided with each volume. A bibliography of books of reference is

appended to each section, and all important tables, in addition to being

printed in the text, are also printed for reference at the end of each

volume.

With the exception of those cases in which emj^irical factors are

employed in technical work, all the numerical data are calculated from

the table of atomic weights for 1908, issued by the International

Committee, with 0= 16 as the basis. The numerical data for gases and

for the weights of substances to be taken for analysis so as to corre-

spond to definite volumes of gases, are all calculated from the real litre

weights according to the most reliable determinations, not from the

calculated values. All temperatures are given in centigrade degrees,

except where otherwise stated.

The Editor desires to record his thanks to Dr W. E. Adeney for the

description of his apparatus for the extraction and analysis of the gases

dissolved in water, and for analytical data of the dissolved gases in water,

included in the section on " Drinking Water and Water Supplies " ; to

Dr R. T. Glazebrook, F.R.S., Director of the National Physical

Laboratory, for permission to include the methods and conditions

adopted by the National Physical Laboratory for the testing and

calibration of glass vessels, included in the section on " General Methods

used in Technical Analysis" ; to Dr W. H. Sodeau for the description of

his apparatus for gas analysis, and for kindly reading the section on
" Technical Gas Analysis " ; and to the Engineering Standards Com-
mittee for their permission to include the data from their " British

Standard Specification for Portland Cement," and to reproduce the

illustrations of the forms of apparatus recommended, in the section on
" Calcareous Cements." The Editor is also indebted, for the loan of

blocks, to Messrs Brady & Martin, Newcastle ; Messrs Griffin & Sons,

London ; and to Dr H. Seger and E. Cramer of Berlin.

CHARLES A. KEANE.
London, Au^^ust 1908.
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By Professor G. LuNGE. English translation revised by Charles A.

Keane, ^r.Sc, Ph.D.

IXTRODUCTIOX

Technical methods of chemical analysis have al\va}'S included many
general anal\-tical methods which were introduced as they gradually

developed for scientific purposes, as well as certain practical tests which

originated for the most part either accidentally or in imitation, on the

small scale, of the manufacturing processes of chemical industr}". On
the other hand, whole classes of operations which now form a consider-

able part of general analytical chemistry were originally devised and

looked upon as purely " technical "' methods. This is particularly true

of volumetric analysis, which, founded as early as 1795 and 1806 by

Descroizilles, was first used as a method for controlling and estimating

the value of technical products such as acids and alkalis. Ga)--Lussac's

methods for chlorimetry (1824), alkalimetry (1828), and for the estima-

tion of silver (1832), as well as the permanganate method of estimating

iron introduced by Margueritte (1846), fall in the same category, and

were all devised to meet the requirements of technical work, and were

at first employed exclusively for this purpose.

Up to the middle of the last centur}% and still later in many
instances, "volumetric" analysis was unrecognised in the course of

instruction given in university laboratories : it was regarded with a

certain degree of contempt as a " technical " method, the study of which

could only be disadvantageous to the attainment of scientific accuracy

by students. This view could, however, no longer be upheld after it

was shown by Bunsen, in his paper on volumetric analysis by means of

iodine (1853), that the accuracy of this process was greater than that

of most gravimetric methods, and after other investigators, especially

H. Schwarz (1850) and Friedrich Mohr (from 1855), had extended and

developed the province of this branch of analysis.
s
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Text-books of general analytical chemistry and introductory works

on the subject were at that time the only sources of information avail-

able for technical analysis ; these were restricted, however, to the gravi-

metric methods of mineral analysis, elementary organic analysis, and a

(ew volumetric processes. Methods for the examination of products

of chemical industry and of associated manufactures were, if published

at all, scattered in all kinds of books and journals, and were only

accessible at the cost of considerable labour, and then with but very

indifferent success.

The publication by Bolley, in 1853, of his text-book of technical

methods of chemical analysis was accordingly heartily welcomed ; it

was almost sold out within a year, but a second edition was not

published until 1861. Nearly half of this book of 475 pages is taken up
with a short sketch of general analytical operations, methods, and
apparatus, and with qualitative and quantitative mineral analysis,

treated on the same lines as in every work on analytical chemistry of

that period ; the second and rather larger part of the book dealt with

the analysis of gunpowder, bleaching materials, soils, colouring matters,

fuels, fats, oils, illuminants, soap, beer, wine, sugar, milk, tea, coffee,

textile fabrics, tanning materials, manures, specific gravity determina-

tions, etc.

In spite of its modest scope, Bolley 's book was one of great import-

ance and value at the time of its publication, insufficient as it appears to

our present conceptions. It, moreover, indicated a new field of work,

and introduced a fundamental principle which must still be recognised,

and which was expressed by Bolley in the following words in the preface

to the second edition of his book :

—

..." On the other hand, no artifice, however empirical or wanting in

scientific basis, should be despised which, according to reliable informa-

tion or from personal experience, presents marked characteristics. In

fact, it lies in the nature of the case, and therefore I do not consider it

necessary to defend it, that certain methods of analysis are made use of

which are in some respects untrustworthy. I am not unaware of the

objection, which however I consider quite unfounded, that the propaga-

tion of such methods is detrimental to science. The latter will certainly

not allow itself to be thereby diverted from the search for more rational

and accurate methods of analysis, whilst all chemists who are concerned

with the investigation of commercial preparations or of industrial

products must in very many cases welcome every method of examina-

tion.j even if it is only of a tentative nature."

This view, that methods may and must be employed in " technical

analysis " which cannot be justified from a purely scientific standpoint,

still holds; the use of such methods is only justified as a temporary

expedient, and therefore only until they are replaced by better and
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more rational processes. It is scarce!}' necessary to add that the efforts

of all concerned should al\va}'s be directed towards the attainment of

this object, and a great deal has been accomplished in this respect

during the half century which has elapsed since the publication of the

first edition of Bolley's book. But even now and in the future, very

many anal}'tical methods will alwa}-s be in use for technical purposes

which do not find, and ought not to find, a place either in text-books of

scientific chemical analysis or in the methods taught in university

laboratories. The methods of technical anah'sis have developed inde-

pendently in accord with the unavoidable specialisation that has arisen

in all branches of science, and they cannot, for the most part, be fitted

into the ordinary course of study which long experience has established

with tolerable uniformity as the most fitted for instruction in anal}-tical

chemistry. This is especially so in respect to the technical examination

of organic products and processes; purel}- empirical methods are often

quite unavoidable, although many others with a thoroughly scientific

basis are also emplo)'ed.

The necessity of controlling and regulating the practical operations

of works b}' means of chemical analysis also calls for special considera-

tion. In this case scientific accuracy is usually of no importance what-

ever ; even were it attainable, it would have no greater value for the

control of the working than an approximate estimation. It is, on the

contrary, of far greater importance to obtain the analytical results

as rapidly as possible, in order that the working conditions may
be regulated accordingl}\ In such cases, which are of very frequent

occurrence in technical work, lengthy analytical methods are quite

excluded ; even if a whole army of highly-trained scientific analysts were

employed, were this practicable, their reports would come " after the

fair," and would therefore be quite worthless, whilst simple tests rapidly

carried out by an empirical "tester" give the manager all needful infor-

mation. Any great degree of accuracy is usually neither attainable nor

necessary in such instances. There are, however, some cases in which

rapidity and some degree of accuracy must be combined, and this is

successfully attained by "testers" through constant practice; the

accurac}' attained b\' workmen exclusively devoted to one branch of

testing is often such as to command the admiration of the trained

chemist whose work is conducted at leisure in his laboratory. This is

the case, for instance, in iron-works, and the degree of certainty in the

quality of the product attainable nowada}'s in this industry is in great

part to be ascribed to the development of technical methods of analj-sis,

which combine extreme rapidity with astonishing accuracy.

In the anal}-tical work concerned with the purchase of raw materials

and with the sale of manufactured products, the chemist has usually

more time, although by no means unlimited time, at his disposal. Here
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again, the nature of the product often necessitates the empIo}-ment of

more or less rough empirical methods, but if better and more exact

methods are available they should certainly be preferred. An accuracy

and certainty in analysis such as would be regarded even in purely

scientific laboratories as very good work, is often required of a works

chemist, by whom it can only be attained as the result of constant

practice.

The technical methods of chemical anah-sis comprise the following

classes of work :

—

I. Examination of Raw Materials

Accurate methods of analysis are frequently employed. In other

cases, rougher tests may be sufficient within limits, and in part must

suffice in default of better methods
;
ph}\sical, microscopic, or other

external methods of examination are also often used.

2. Control of Working Conditions

Chemical analysis, with the addition, in many cases, of other methods

of a non-chemical character {e.g., specific gravity determinations, pressure

relations, etc.), are adopted. The methods usually emplo}-ed are those

which can be carried out with the greatest possible rapidit}-, and are

consequently often lacking in accuracy.

3. Examination of Final Prodlxts

Accurate methods of analysis are sometimes emplo}-ed, especialh-

when a guarantee of composition is required ; frequently, however,

easily observable external characteristics suffice.

In all three classes different methods of examination may be neces-

sary, namel}' :

—

(rt) Qualitative tests, which arc in most cases concerned with the

detection of an impurity.

(/;) Quantitative determination of a principal constituent, which

is the subject of a guarantee in buying or selling, or which is a leading

factor in the working of a process.

{/) Quantitative determinationof secondary constituents, in which

various considerations demand attention, namel\- :

—

(a) Secondary constituents of value which form the subject of a

guarantee, such as the percentage of carbon in steel.

(^) Secondary constituents which are deleterious impurities, and

which ought not to exceed a certain maximum, eg., phos-

phorus in steel, chlorides in potassium nitrate,

(y) Secondar}' constituents the estimation of which ser\'es for the

indirect determination of the amount of the principal constituent

present, as in the valuation of Chili saltpetre.
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{d) Quantitative determination of several constituents, usually a

combination of the two classes b and c, i.e., the estimation of the chief

constituent and of one or more important impurities, as the estimation

of the alumina, iron, and free acid in the anal}-sis of aluminium sulphate,

and the determination of the iron, sulphur, and phosphorus in the

examination of iron ores.

{e) Examination of certain quantitative or qualitative effects

produced by the substance, e.g., the tinctorial power of dyc^, the

viscosit)' of lubricating oils, the flash-point of petroleum.

if) Examination of certain external properties demanded by the

trade, such as, colour, lustre, densit}-, strength, etc.

{g) Complete chemical analysis is onl}' very exceptionally required

for technical purposes ; it ma}- be necessary in such instances as a new
discovery of ores and the like.

These various classes of anaUtical work are all dealt with in this

book ; they are considered under the several sections dealing with the

various industries into which the subject matter is divided, according to

their nature. A general knowledge of analytical chemistry, and more espe-

cially of mineral analysis and of elementary organic analysis, is premised.

The description of special apparatus and methods of work is in all cases

directed to the conditions that are requisite or useful for the attainment

of the results that are required in technical work, even in those instances

in which general methods of analysis are emplo}-ed. The greater part

of the book is, however, naturally devoted to the methods which have

been specially worked out for technical purposes, and which are but

seldom if ever practised in scientific laboratories.

The work is divided into a general and a special part. In the

former, the methods and apparatus described are of a general character,

such as are used for a variety of purposes, particular stress being laid

upon those considerations that serve to facilitate the work of technical

laboratories. The more specific applications of these general processes

is dealt with in the special part of the book in which the analytical

methods are grouped, under the headings of the products concerned

with the various branches of chemical industry.

I.—GENERAL OPERATIONS

The Taking of Sample.s

The taking of samples is a problem of some difficulty, and is one

which is practically outside of the domain of the purel}- scientific

analyst, who often fails to recognise its importance ; the technical chemist

who has not had a scientific training is still more frequently, perhaps,

ignorant of its difficulties, so that serious errors and heavv losses
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ensue. The preparation of an average sample, really representative of

the quality of the material to be investigated, requires special care and
precautions. It has happened, for example, that a piece of marl from

a quarry was given to an analyst in order to ascertain its suitabilit}-

for the manufacture of cement, and that an accurate analysis of the piece

was made, and conclusions drawn from the results as to the suitability of

the whole material in the quarry for this purpose !

Even in much simpler cases the difficulty of obtaining a fair average

sample is often not sufficientl\- realised by those concerned. How easy

it is, for example, to make a considerable error in taking a sample of

coal, if a large piece of pyrites finds its way into the sample— or con-

versel}'. But even in taking samples of powdered m.aterials, serious

errors or intentional deception may occur, if all necessar}- precautions

are not taken.

The preparation of a really average sample is most difficult in the

case of materials occurring in large pieces ; it is considerably easier with

more finely grained materials, still easier with powdered materials,

easiest of all, as a rule, with liquids, and more difficult with gases.

Special difficulties occur when contact with air, whilst the sample is

being taken and ground, may alter its condition by evaporation, absorp-

tion of water, oxidation, etc. In such cases very special precautions

are necessar}', which will be fully dealt with subsequently.

The most accurate analysis is, of course, worthless, and endless mis-

takes and disputes must arise, if the samples are not properly taken

;

it is therefore essential to expend as much care on sampling as on the

analytical work in the laborator)'.

As already stated, sampling is most difficult in the case of materials

occurring in lumps, and this is especially the case when the valuable con-

stituent occurs only in small amount and very unequally distributed,

as in ores of the noble metals, or when certain very deleterious impurities,

also unequally distributed, are present. The disputes that have arisen

from defective sampling have led to the drawing up of definite rules for

sampling; also, it has become the custom, in all important cases, for the

operations of taking samples, grinding them, and making them into a

form ready for handing to the chemist, to be carried out in the presence

of representatives of both parties concerned, or in the presence of a

mutually appointed referee. Usually several bottles are simultaneously

filled with the prepared average sample, and closed with the seal of both

parties.

The following directions lay no claim to being a permanent solu-

tion of the difficult problem of sampling ; they can only represent an

approximation, but they are at least as satisfactory as any other plan

that is in use. They are founded essentially on the directions contained

in Tlie Alkali Makers Handbook, by Lunge and Hurter (second edition,
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1 89 1, p. 172 ct scq?), which were drawn up with the co-operation

of a number of experienced manufacturers, and are ampHfied b}- the

results of further experience.

In many cases, particularly in the industries connected with

organic chemistry, but also, e.g., with caustic soda, fuming sulphuric

acid, etc., the samples must be taken according to special methods

applicable to each individual case, owing to the peculiar nature of the

substances in question. The necessary information on these points is

given under the individual sections.

Detailed rules for sampling in metallurgical works have been given

by Juon;^ the remarks on sampling b}- Hintz- do not call for an}-

special comm.ent.

A. Materials ix Large Pieces

This class includes coal, metallurgical ores, pyrites, pyrolusite, etc.,

which are usually transported in shiploads, canal boats, or in railway

waggons. In case of water-transport, the check sampling takes place as

a rule at the port of arrival, during the transfer to the railway waggons,

or, in cases where the factory or the foundry receives the goods at its

own landing-place, samples are taken there during the unloading into

trucks or other transport vessels. In other instances the sample is

taken on arrival of the train at the works, either before or during the

unloading of the material. In all these cases the sampling can be

advantageously combined with the weighing. The taking of samples

from a previously unloaded large heap of coarse material is always a

very uncertain procedure, and should be avoided whenever possible.

Apart from the general difficulties which unavoidably occur in the

above-mentioned conditions of sampling, two additional difficulties arise

in the last case ; on the one hand, changes in the amount of moisture

may occur, owing to evaporation, showers of rain, downward percolation

of moisture, etc., and secondly, the larger pieces are apt to roll forwards,

and thus make the mass still less homogeneous than before.

The larger and the less uniform the pieces of the material in question

are, the larger must be the samples taken. It is most important to

secure a due ratio between the larger pieces and the finer powder, which

is practically al\\'a}-s present, since there is often an essential difference

in quality between the two.

If the pieces do not exceed a billiard ball in size, and are roughly of

the same dimensions, it is sufficient to take a sample from each unit-

load ^ by means of a scoop of about 5 kilos (12 lbs.) capacity. If the

^ Z. aiigew. Chem..^ 19-4, 17- 15+4- " Z. f. offentl. Chem., 1903, No. 21.

•^ This term designates the load raised by a crane, canied b)' a truck, or any other conveyance,

by means of which the material is transported from the hold of the ship, etc, to the weighing

machine, or to the landing-place.
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material is in larger pieces, and especially if not uniform in size, it is

preferable to empty a whole unit-load at intervals, e.^;:, the tenth or

twentieth load on the weighing machine, on to a separate place, from

w^hich the whole average sample is collected. The greatest possible

care must be taken, in sampling by this method, to have the ratio

between coarse and fine material represented as accurately as possible

in the average sample.

The average sample thus obtained is first crushed to pieces about

the size of a walnut. This is done either by hand or by means of a

mechanical arrangement such as studded rollers, according to circum-

stances, care being taken to break down the whole of the coarse pieces, even

although it ma}^ be troublesome to do so. The roughly broken material

is then thoroughly mixed by repeated scooping backwards and forwards,

and is then spread out in a flat heap and a smaller sample taken. This

is best effected by cutting two stripes crossing each other at right

angles out of the whole heap, and adding to this four smaller quantities

taken from the middle of each remaining quadrant.

The weight of the sample thus prepared should be at least 10-12

kilos (j cwt.) ; if the material is very uneven in character, considerably

more must be taken and special attention must be paid to the precautions

described above for obtaining a true average

sample. In such cases it is often necessary

to repeat the above operation by scooping

the first large sample together in a conical

heap, spreading it out flat again, and then

again cutting two stripes intersecting at right

angles, and adding further material from the

quadrants as above.

Several mechanical samplers have been

constructed in order to make this operation

simpler and more reliable. Of these the

"rapid sampler" of P. Clarkson '^ is largely

cmplo}'ed here (Fig. i). The principle of

the machine is to cut out a number of

sections of the material as it passes through

the apparatus in an annular rotating stream
;

the relative amounts can be regulated at

discretion. This machine can be emplo\-ed for liquids, powders, and for

substances in grains or in large fragments. It is also very suitable for

uniformly distributing a sample into bottles.

The reduced sample thus obtained is then further broken up. A
mechanical arrangement may also be emplo}'ed at this stage, but only

when it is so arranged that it can be thoroughly cleaned after every

^ For a full desciiption, see_/. Soc. Chcin. liid., 1894, 13, 214.
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operation. The more common practice is to effect the grinding

by hand, usually in a large iron mortar. This is, however, not the

best method, because it is not very easy to completely remove the

powder from the mortar without loss, and the uniformity of the sample

is thus adversely affected ; also, some of the substance may easily remain

behind unnoticed in the mortar, and contaminate the next sample. (For

arrangements for grinding, cf. p. 17.)

To overcome the disadvantages of an ordinary mortar, a flat cast-

iron plate, specially constructed for the purpose, c-8-i metre square,

with a vertical rim 5- 10 cm. high, interrupted at one point in order

to allow of the powder being easil}- run out, may be substituted ; these

plates should be 20-25 mm. thick, and solidly embedded in a horizontal

position to prevent breakage. The sample, previously reduced to pieces

not larger than walnuts, is further broken up on the plate with a sledge-

hammer, shaken from time to time through a sieve of 3 mm. mesh, and

the residual coarse powder repeatedly ground up until it has all passed

through the sieve. In this way complete cleanliness can be observed

with much greater certainty than by the use of a mortar.

The 10-12 kilos (| cwt.) thus obtained are then spread out flat, and

a further decreased sample of 1-2 kilos (2 to 4 lbs.) prepared from it b}-

thorough mixing and removal of intersecting stripes, etc., in the same
way as before. This is subjected to a further mixing, and the separate

samples for analysis are then taken from it, preferably as follows.

Three, four, or more wide-mouthed sample bottles holding 100-200 c.c.

are placed close together on a sheet of paper ; a handful of the sample is

taken, and the hand moved over the bottles in succession, so that some
of the substance falls into each. This is repeated until the bottles are

quite filled. Manipulation by hand is more reliable than the use of a

small scoop, etc. ; in the latter case the coarser particles always roll forward,

so that too large a proportion is delivered into the foremost bottles.

When th.e bottles are full, they are closed immediately with tight-

fitting corks, which are cut off straight above the necks of the bottles

and carefully sealed. When control samples are taken, the seals of both

parties are affixed in such a way that the cork cannot be removed

without injuring them.

The powdering, mixing, and filling of the bottles should be carried

out as quickly as possible, to prevent the evaporation of water from

moist products, or, conversely, to prevent the absorption of moisture (under

special circumstances also of oxygen or of carbon dioxide) from the

atmosphere.

The analyst, on receiving the sealed bottles, notes the seal, which

must, of course, be intact, and the affixed label, opens the bottles, shakes

out the contents on to glazed paper, and mixes the sample quickly.

If the moisture is to be estimated, a sufficiently large sample, up to
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100 g., is taken for this purpose without further grinding. The remainder

is ground up until the whole passes through a sieve of i mm. mesh.

Porcelain or steel mortars are used for the grinding, according to the

hardness of the substance. The former would not be suitable for pyrites,

for example, because they are attacked to some extent by substances of

this degree of hardness, and the sample might be contaminated ; on

the other hand, iron vessels should not be used for reducing pyrolusite

to a fine powder, because some metallic iron might thus find its way into

the sample.

Finally, a few grams of the substance which has passed through

the I mm. sieve is taken, after a further thorough mixing, and reduced

by means of an agate mortar to the degree of fineness requisite for

analysis ; in special cases a steel mortar may be employed.

Since some change in the amount of moisture is almost unavoidable

during the final grinding, the final sample is either dried in a drying

oven or exsiccator, and then weighed out in the dry condition for

analysis, or the moisture is determined separately in another sample and

the results calculated on the dried substance. The actual percentage of

moisture in the sample is taken from the determination made with

the coarsely powdered substance as above, and not from this last

determination.

B. Raw Materials in the form of Powder, Dross, etc.

This class includes ores in the form of smalls or slimes, common salt,

potassium salts, etc., as well as man)' other inorganic and organic raw

materials. A simplified method of sampling can usually be emplo)-ed for

products of this character, samples being taken from each " unit-load" by

means of a scoop of about A kilo (i lb.) capacity
; in the case of a railway-

waggon load, several samples from different parts, e.^., the front, middle,

and back are taken. The separate samples are placed together in a cask

and covered over. After the sampling is finished, the contents of the

cask are emptied out on a level, clean, hard surface, spread out flat, and

the mass scooped together into a cone in the centre by working

regularly round the heap with a spade ; the heap is again spread out

flat and a sample of about a quarter of the mass taken by removing two

intersecting stripes with the scoop, and adding to this some material

from the middle of each of the remaining quadrants. This operation is

repeated with the sample thus obtained, until finally not more than

2 kilos (4 lbs.) is left, which, after being well mixed, is divided among
the sample bottles required for the analysis, as described.

In the case of raw materials which arrive in boxes, casks, sacks, etc., the

procedure described under C can usually be followed ; in fact, the final

products of one industr}- are very frequently the raw materials of another.
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C. Chemical Products in the form of Powder.

If these are loaded in loose condition, that is in ships' holds, railway

waggons, or carts, the sample may be taken as described under B ; but

it is better to employ an auger, especially if the samples have to be taken

from stores or from casks or sacks. In the latter case a sample is taken

from every fifth, tenth, or twentieth cask or sack, according to the size

of the consignment and the probability of inequality in the material

;

it is to be borne in mind however, that, owing to the action of the

air (or possibly owing to deceitful manipulation !), the condition of the

outside and superficial portions of the material may differ

more or less from that of the interior. It is, therefore, alwa)-s

more reliable to use the auger.

The usual form of this instrument is shown in Fig. 2. It

consists of a long borer of stout sheet-iron, with a hollow

interior and a longitudinal slit on one side, provided with a

handle a at the upper end, and with the lower end beaten

out to a sharp point b.

The use of the auger renders it possible to obtain a sample

throughout the whole layer of substance. If a sample is to

be taken from sacks or casks, the instrument is used only

once for each vessel, but if, on the other hand, it is to be

taken from a large heap stored in a warehouse or the like,

the auger should be inserted in from six to twelve different

places according to the size of the heap. Care must be taken

to turn the instrument on its axis when it is lowered into the

heaps, casks, etc., for drawing the sample.

This simple form of the auger has several defects. For
example, in the sampling of sugar it is quite satisfactory for

the purer primary products and even for well separated

secondary products, but it is not reliable for moist, syrupy cane sugar,

because the column of sugar, on being drawn out, is apt to break off.,

at the lower end of the auger. Consequently, according as the sack
is erect or inclined, the sample may represent either the moistest part

of the contents containing most syrup, or the best-drained portion.

Again, in taking samples of granulated or crystal sugar, it often

happens that none of the sugar remains in the sampler.

In order to avoid these drawbacks, Gawalowski ^ has constructed an

auger which Bockmann recommends from long personal experience.

This (Fig. 3) consists of a metal sheath which has a metal bearing

suitably soldered to it at B, and in which a quadrangular or triangular

steel rod provided with a handle (C), slides. The valve at the lower end
of the sampler is movable by means of a hinge, in such a way that in

1 Oest. Zeit. ZuckeriiuL 1888, Pail V.



U GENERAL METHODS USED IN TECHNICAL ANALYSIS

position D^ it allows the substance to be sampled, to enter from below

upwards, whilst in position D it prev^ents the sample from falling out

of A. When the auger is pushed into the

t'"""""

c=gT^£s-a
'^''^'^y^"^ material, the rod C slides sideways in such

i
I

a way that the flap is fixed in position D^

I ill
^^^ °^^ ^^'^^^ drawing it the rod C releases

the flap and the latter is closed by the

pressure of the substance in the sack on the

attached flange.

Gawalowski's auger works automatically,

and samples of material can therefore be

taken quickly and safely ; it is made of

copper or other suitable metal.

Angerstein's^ auger, a tubular instru-

ment, with the lower part half-open and

running to a point at the extreme end, is

also to be recommended ; it allows of samples

I'liH HI being taken from the interior of a vessel

without admixture with the upper, altered

layers. In whatever way the separate

samples ma\^ hav-e been taken, they should

first be emptied into a box, or, in the case

of alterable substances, into a large bottle,

B which must be kept corked between each

addition. The whole contents of the vessel

are then thrown out on to a large sheet of

paper, thoroughly mixed, any lumps that

ma)' be present crushed with a spatula, and

then if the quantity is too large a smaller average sample taken, as

described above. The samples are then placed in bottles, corked and

sealed.

- In the case of substances which alter quickly in the air, such as

bleaching powder, potassium carbonate, etc., the sample bottles must be

kept well closed, and only opened when a new portion of the sample is

to be added ; similarly, the mixing and distribution of the sample into

the bottles must be carried out as quickly as possible.

D. Liquids

The sampling of mobile liquids is a very simple operation, but that

of viscous liquids, and especially of sticky, syrupy substances and pasty

mixtures, is more difficult. When ordinary liquids are contained in

large receptacles, the different layers very often differ in composition.

1 D.R.P. 266S0.
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If, owing to shaking during transport, or from other circumstances,

it can be taken for granted that the contents of each individual vessel

are uniform, a small sample is taken from every fifth, tenth, or twentieth

cask or carboy, etc., by means of a s}-phon, or as otherwise desired,

and an average sample prepared by mixing and shaking. The taking

of samples when smaller vessels used for transport are being emptied

into a larger receptacle, is very simph-

effected, by placing a small flask, held b\'

means of a wire (Fig. 4), under the bung-

hole or stopcock of the cask, or the mouth
of the jar.

In the case of large receptacles, where

the different layers might vary in quality,

the sample is taken by means of a glass

tube of suitable length, contracted above and below, the equivalent of

a pipette, which is gradually lowered into the liquid, so that a section

through the whole depth of the vessel is obtained. In many cases an

iron tube, provided with some kind of valve, may be emplo)-ed for this

purpose.

If a sample of a very large quantity of liquid has to be taken,

e.g-., from a tank-cistern holding 10,000-15,000 kilos (10 to 15 tons),

or from a larger reservoir holding 100,000-200,000 kilos (100 to 200

tons), the sampling with the glass pipette or long iron tube provided

with a valve at the lower end, must be repeated several times.

Gawalowski^ has constructed a suitable pipette for liquid and semi-

liquid substances, which consists of two iron c\'linders, one inside the

other, closed at the lower ends, and each having a fairh- wide

longitudinal slit ; they are so connected, by means of a bayonet-slot,

that the two longitudinal slits can be made to coincide to form a

single closed hollow cylinder, by a simple rotation. The instrument,

which is sufficiently long to be able to penetrate all the layers of a large

cask, and is provided with a handle at the top, is introduced into the^
liquid in the closed position and then opened, so that liquid enters

uniformly from all levels ; the c}-linder is then closed, withdrawn, and
the contents delivered into a shallow vessel.

For taking samples of the liquid intermediate products of a

working process, the specific apparatus is provided with stopcocks or

valves, by means of which samples can be taken as often as desired. If,

however, an average sample, consisting of a number of single samples

taken seriatim without a break, is desired, so - called " dropping-

bottles" are emplo}ed. These are large jars, holding about 50 litres,

into which the liquid drops uninterruptedly. The rate of flow is

regulated by means of a valve, and the dropping is controlled by means
^ Oesi. ch'.vi. u. tech. Zeitschri/t, 6, 197.
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of a glass tube attached by a rubber connection, carrying a narrow

rubber ring inside at the top, in which a small glass tube drawn

out to a fine point is fixed.

Satisfactory average samples of effluents and the like can be

obtained by employing a water-wheel revolving in the liquid, by means
of which small samples of the liquid are transferred continuously to a

reservoir, from which the average sample is taken.

Very concentrated liquids, in the analysis of which possible errors

in measuring would have a considerable effect, are often not employed

directly for analysis, but are first diluted {e.g.^ i, lo, or 20 c.c. to

100, 200, 500, or 1000 c.c), and an aliquot part of the diluted liquid

taken. In many cases, however, it is simpler to measure out such liquids

with an accurate pipette, c.g.^ a i c.c. pipette graduated in y^^^ c.c.

E. GASE.S

The sampling of gases, which may be either final products, as with

illuminating gas, or by-products of industrial processes, as is more

frequently the case, is described in the section on " Technical Gas

Analysis," and under the individual industries concerned.

The Collection and Storage of Samples

In works where the processes go on uninterruptedly, three vessels

should always be kept ready for each product of manufacture under

analytical control, one of which is allotted for the night-shift and the

other two for the day-shift.

The taking of samples in the works is, as a rule, carried

out by a workman specially appointed for the purpose, in addition

to his other duties. In the morning after six o'clock, he fetches the

sample bottles collected during the night, which are distributed at

.different parts of the works, or he takes the samples, if this has not

already been done. All the bottles are put into a wooden " sample

box," which contains a number of compartments, and taken into the

laboratory. Suppose, for instance, it is seven o'clock in the morning of

December 6th. The laboratory boys begin testing the night samples

from December 5th to 6th which have just been brought in, as well as

the day samples brought in on the evening of December 5th before six

o'clock. In the evening the sample collector fetches away the sample

bottles brought in the morning as well as the day sample bottles brought

in twenty-four hours previously, whilst at the same time he brings the

day samples of December 6th.

These samples may be kept on a suitable stand provided with

several compartments. Thus over night only the day samples brought
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in the evening, on the following da\- the night samples brought in the

morning as well, would be accommodated in the stand.

This system of taking samples has the drawback that the results for

the day samples are usually obtained fully twenty-four hours after the

sampling, whereby in many cases timely measures for correcting the

working of the process in question are rendered impossible. An advan-

tageous alternative method is to take the day samples only from six

o'clock in the morning till two o'clock in the afternoon, and the

night samples from then up to the next morning at six o'clock. The
results of the previous night's work are then got at middax', and those

of the same day in the evening. This system of taking samples has

also its disadvantages, however, because almost half the day is reckoned

as night, and therefore irregularities in the working occurring in the

afternoon cannot be so easily controlled and located.

These shift - samples, being temporary, are not retained for

more that twelve or twenty-four hours respectively. The samples

of raw materials and of final products, on the other hand, are

usually stored carefully for one or more months (not infrequently

sealed), so that they can be referred to in case of dispute. Date of

sampling, name of the seller or bu}'er, percentage of the constituents or

of the important constituents found, weight, and method of packing

(sacks, casks, etc.), and the number should be entered on the labels as

well as in a special laboratory book.

IL—GENERAL LABORATORY OPERATIONS!

A. Grinding of Substances

The reduction of a large average sample to a smaller one has

already been discussed ; the grinding is effected by very diverse

methods, and is carried to very different degrees of fineness according

to circumstances.

For the coarse powdering of hard substances, such as ores and

analogous products, iron mortars holding from 1-20 litres and upwards

are suitable, provided contact with iron is not disadvantageous.

A good arrangement for grinding is shown in Fig. 5. Instead of the

pestle, there is a heavy almost spherical block, carried on a pivot at the

bottom of the mortar, which is moved round by a handle, and which can

readily be lifted out.

For substances which form a fine dust, the twofold evil of incon-

venience to the operator and loss of material is avoided by fixing a

kind of sack round the rim of the mortar ; the sack is contracted at the

' Cf. H. Benedikt, Z. angew. C/iem., 1902, 15, 78. This paper comprises some interesting con-

siderations, on the non-chemical side, of the anangement of works' laboratories.

B
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top, where it is firml}' bound round the pestle ; this precaution is

specially to be recommended for poisonous substances.

It is almost always necessary to pass the material in the mortar

through a sieve from time to time,

and to powder the coarse residue

separately.

For very hard ores and the like,

an ore-crusher can be employed with

great advantage, such as that shown

with the cover open in Fig. 6.

For grinding small amounts of

material, the ordinary steel mortar

is used ; when dust is to be avoided,

it is provided with a brass cover,

which is screwed on.

In default of a steel-mortar, re-

course may be had to the following

plan. The pieces of material are

wrapped in tough paper of close texture, and broken up on a hard

support with a heavy hammer ; a little of the substance is lost in this

manner, owing to its being beaten into the paper, from which it cannot

easily be completely detached.

Less hard substances are usually powdered in porcelain or earthen-

ware mortars ; these would give up some of their material to harder

substances. Apparatus constructed on the principle of coffee-mills,

and made either of earthenware or of iron, are also used.

In large works where one and the same kind of substance has often

to be powdered, mechanical grinding-machines are employed, such as

small ball-mills, plain-, ribbed-, or toothed-rollers, apparatus similar to

coffee-mills, or small crushers with vertical rollers.

The breaking up of tough substances and of materials of an excep-

tionally irregular character often requires special apparatus
;
these are
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described in the respective sections, but it may be mentioned that

cutting-machines working on the Hnes of a hay or straw chopper, coffee-

mills, toothed-crushers, and the like, may often be adapted for this

purpose.

All forms of grinding apparatus should be accessible in all their

parts for thorough cleaning, and should be cleaned regularl}-.

Reduction to a fine powder for analysis is effected in agate, porcelain,

or steel mortars, according to the nature of the substance, and is, as a

rule, combined with rubbing ("bagging") through silk gauze.

B. \VI:IGHI^'G

A laborator}' balance when adjusted should give readings to within

o-i mg. ; the more delicate assay balances are treated of subsequently.

The principles of weighing, calibration of weights, etc., are described in

the ordinary text-books on analytical chemistry. Rough balances,

usually without a glass case, are used for weighing out large amounts of

substance. For many purposes an intermediate quality of balance,

reading to i mg., and provided with a glass case, is very convenient,

particularly for weighing out fairly

large quantities of material, which

are then dissolved and made up to a

definite volume, of which an aliquot

part is taken for the anah'sis.

For less accurate work, drug-

gist's hand-scales, with horn scale

pans suspended by silk cords, are

very useful, the substance being

weighed directly into the scale pan.

A handy form of this balance is

shown in Fig. 7. One arm is

graduated in 100 divisions and

provided with a sliding weight, so that from hundredths of a gram up
to I gram can be weighed out directly, whilst larger quantities are

balanced by ordinary weights placed in the scale pan.

These hand-scales are usually only employed for loads up to 30 g.

and to an accuracy of 10 mg.; they are also made to carry 100 g. and over.

In using them, they are held above at the handle, so that the

silk cords are taut and the scale pans just rest on the table

;

by then gradually raising the balance a little it is easy to see if

it is in equilibrium, and if not, equilibrium is established by means
of small pieces of paper, shot, garnets, etc. The substance to be

weighed is always placed directly on the pan. If the physical con-

dition of the substance does not allow this to be done, it must be

Fig.
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weighed on a simple chemical balance. Hand-scales are not suitable

for weighing into beakers, watch-glasses, etc. Their chief advantage

is the rapidity gained in the weighing out of dry materials.

For calibrating litre flasks, and for many other purposes, a balance is

required which can be loaded up to 2 kilos and turns with 50 mg.; it

can be used for many other analytical purposes also, r.^., in the estimation

of moisture in coal, coke, salt, etc., where 100 g. or more of substance is

weighed out. Xo matter what kind of balance is emplo}-ed, the

greatest possible rapidity in weighing is always to be aimed at ; the

necessarily numerous daily analyses cannot possibly be made if five or

ten minutes are taken up for each weighing.

Many simple artifices are accordingly made use of to effect

this. In weighing on sensitive balances, crucibles, watch-glasses,

beakers, etc., the weight of which is known to 1-2 mg., are used, and this

weight is written either on the glass itself, or the vessels are marked

with successive numbers, and a note of the weights corresponding to the

individual numbers recorded. In the weighing of platinum crucibles,

etc., which are in frequent use, the actual weighing is really only a check,

involving a correction of the weight within the limits of a few mg.

If one and the same vessel is very frequentl}' used in weighing, it is

very convenient to cut a tare for it out of copper, nickel, or aluminium

foil, which is placed in the other scale pan. With suitable precautions

this procedure, which saves much time, may be employed in weighing

platinum crucibles for gravimetric analysis.

When the weighing out is not done on the horn scale pan itself,

small beakers, watch-glasses, etc., are used,

and in the case of alterable substances,

stoppered weighing bottles, preferably such

as can stand on the pan. Scale pans made
of glass, aluminium foil, etc. (Fig. 8), from

which the substance can easil\' be delivered,

are very convenient.

Glazed paper is also often used. In all cases the appropriate tare,

which should be checked, is placed ready on the other scale pan.

In works laboratories it is exceedingly convenient to have a single

weight, made of aluminium or nickle foil, and adjusted by filing down,

as the tare for any ver}- frequently occurring quantities. In order, e.g.,

in the analysis of bleaching-powder (r/i p. 22), to be able to read off

percentages of available chlorine directly on the burette without calcu-

lation, 7-090 g. of the sample must be weighed out ; for this purpose a

piece of lead of exactly this weight, which is clearly marked on it, is

prepared and kept ready in the balance case.

R, Hase^ has constructed an analytical balance, which, by means of

1 Z, angew. Chem., 1 898, II, 736.
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a system of levers, at once gives the weight to a decigram or even to a

centigram, so that it is only necessary to complete the adjustment

by means of the rider ; the complete weighing can thus be very rapidly

carried out. This is particularly advantageous for weighing out

definite amounts of substance, the desired quantity being obtained

directly from the indication of the pointer on the scale, without having

to bring the balance to rest.

For the actual weighing off, a small horn, porcelain, or glass spoon

is employed, and the number of spoonfuls taken to approximately reach

the required weight observed. Daily practice leads to very great skill

in this respect, so that the proper weight, to within a few mg., is often

hit off at the first attempt.

The weighing out of exactl\- 0-5, i, 2, 5, 10, 20, 50 g., etc., has the

advantage that the analytical results are easily calculated to percent-

ages ; this method can be much recommended, and has been generally

introduced in works' laboratories.

In order to transfer the weighed substance completeh' from the

watch-glass, beakers, etc., to the vessel for the analysis, a fine brush with

a handle about the size of a penholder is employed ; the greater part

of the substance is transferred by tapping with the brush, the remainder

b}' brushing the glass.

When the percentage of moisture is to be determined, the

substance is weighed directh- into the same dish that is placed in

the dr\-ing oven, and subsequently weighed ; deep vessels, such

as beakers, are not suitable for this purpose, because they do not

sufficiently permit the evaporation of water b\- renewal of the air.

When a substance is to be ignited, it can be weighed directh* in the

platinum or nickel basin to be used
;
polished iron basins can be

employed if a less degree of accuracy is required.

As shown by J. Wagner,^ a correction for weighing in air is not

necessary, either in respect of the varying specific gravities of the

different substances used in volumetric estimations or of the brass or

platinum weights used, as the errors are inappreciable.

For very accurate work, weights made of rock cr)-stal are emplo)-ed
;

their adjustment requires special precautions.-

One very useful method of weighing out which is often emplo}-ed in

technical laboratories, is to weigh out such an amount of substance (or,

in certain circumstances a multiple of the amount) that the number

of c.c. of volumetric solution used, or, in gas volumetric anah'sis, the

amount of gas evolved, gives a percentage value either without any

calculation or b\- means of a simple mental multiplication or division.

]\Ian\- examples of this are given subsequently, so that the following

1 Massanalytische Studien, p. 37.
'^

Cf. GiJckel, Z.f. c/uni. AppiraUnkumU^ 19-5. I- ~i^-
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will suffice as a type of the method. In the analysis of bleaching

powder the " available " chlorine is required ; Penot's arsenious acid

solution is made up to correspond to o-i g. molecules, or 3-545 g. chlorine

per litre, or 0-003545 g. per c.c Consequently, 20x0-3545 g. = 7-090 g.

bleaching powder are dissolved in a litre, and 50 c.c. = 0-3545 g. taken for

a titration ; then each c.c. of the solution indicates i per cent, of avail-

able chlorine. For the estimation of calcium carbonate in a sample of

limestone by measurement of the evolved gas, since i c.c. carbon

dioxide at 0° and 760 mm. weighs 1-9766 mg., this corresponds to

4-497 mg. calcium carbonate ; accordingly 0-2248 g. of the limestone

is weighed out, so that each c.c. of carbon dioxide obtained corresponds

to 2 per cent, of calcium carbonate in the sample.

C. Solution. Fusion. Evaporation

In many cases the substance can be weighed directly into the

vessel in which it is to be dissolved or fused
; this saves time, and

avoids the possibility of loss during transference

from the weighing bottle to the vessel employed for

the solution or fusion. It is, however, very impor-

tant to select a vessel that completely fulfils its

purpose, even if such direct weighing is thereby

prevented.

The vessels chosen should in almost all cases be

adapted for heating ; if this is the only consideration,

beakers, porcelain basins, etc., suffice, but if there is

any risk of loss from spirting, suitable precautions

are necessary. The employment of

very large basins or beakers as a

means of avoiding loss from this

cause is deceptive, and leads in other

respects to both inconvenience and inaccuracy. Such

operations- should be carried out in narrow beakers or

in Erlenmeyer flasks, which are kept covered during the

process, either by clock-glasses bored through the middle,

or by funnels cut off at the neck (Fig. 9), and which are

subsequently washed both inside and outside with a

few drops of water. Ordinary clock-glasses are not

suitable, since any considerable evolution of vapour may easily raise

them to one side, and thus permit a loss of liquid. The less the amount

of liquid used the better, as the evaporation is thus either shortened or

avoided altogether.

When there is not much liquid to evaporate off, the evaporation is

best carried out in the vessel used for solution, especialh- when previous

Fig. 10.
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filtration is not necessar)', and a precipitation, etc., is to be effected in

the same vessel. With larger amounts of liquid, and especially if con-

centration at the boiling point is too

rapid, vessels with a large surface

area, such as basins, are employed,

covered preferably b\- a funnel of the

form shown in Fig. lo; or a current

of air is caused to pass over the

surface of the liquid by placing the

basin in front of a slit leading into a

chimney (Fig. ii); an adjustable

glass plate is fixed over the slit in

such a way that it extends beyond

the basin, and a space of 1-2 cm.

should be allowed between the glass

plate and the basin.

As a substitute for wire gauze

and sand baths, Fritsch and Venator ^

have suggested plates of aluminium

3-4 mm. thick, heated either b}' a

ring Fletcher burner or by a Bunsen

burner, according to the size ; Lunge recommends these plates as

being very practical.

The question sometimes arises of avoiding contact with the sulphur

dioxide and carbon dioxide formed during the combustion of the

flame ; this can be effected by the method of heating described

below (p. 243).

Fig. 11.

D. Precipitation, Washing, and Filtration of Precipitates

Regarding precipitation, there is little to add to what is known from

general analysis. In works' laboratories it is usual, and quite rightly so,

not to be so scrupulous about the long standing after precipitation and

before filtration as is often customary in scientific laboratories. Accurate

investigations led long ago to the conclusion that even in cases where

formerly it was recommended to allow a precipitate to stand twelve to

twenty-four hours, quite as good results are obtained if the liquid is

allowed to clear, which it does after from half an hour to two hours,

and then filtered immediately. For instance, in the determination of

phosphoric acid by molybdic acid, in the precipitation of sulphuric acid

by barium chloride, and even in the precipitation of phosphoric acid by

magnesia, etc., prolonged standing is unnecessary if definite conditions

are observed ; in the precipitation of sulphuric acid, for example,

1 Chem. ZeiL, 1 900, 24, 2S6.
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the solution must be kept boiling briskly, and the chloride of barium

added hot, without interrupting the boiling, in order that the

precipitate may form in a granular condition. In other cases the

solution must be continually stirred during precipitation
; this is now

much facilitated by the use of mechanical stirrers.

In scientific laboratories it is very convenient to prepare reagents in

solutions of definite strength, and this is still more important in technical

laboratories, as it expedites the work very greatly if it is known before-

hand how much of a solution is required for a precipitation or any
other reaction. It is natural!}- very important not to add too small

an amount of the precipitant, but an excess may also be deleterious if

the reagent is carried down by the precipitate, as is the case with

barium chloride in presence of barium sulphate, or if the latter is soluble

in an excess of the former, etc. This is avoided by the use of solutions

of known strength, and b)' always taking the same or approximately

the same weight of substance for analysis; a definite, measured volume

of the reagent, sufficient for complete precipitation but not very greatly

in excess, is added. In this way a single control test suffices, instead

of having possibly to make a number of check tests, which always give

rise to delay in stirring and allowing to settle.

In washing precipitates, a very great advantage is in most cases attain-

able by using almost boiling water. With proper manipulation, so that the

liquids are not allowed to get cold, filtration proceeds very much more
quickly than is otherwise the case, and much less wash-water is required.

By the observance of the above precautions a skilled technical chemist

can effect a complete and accurate analysis of pyrites, including fusion,

filtration from the residue, precipitation of the iron, of the barium

sulphate, drying and igniting the residue, in from two to three hours,

instead of requiring two or three days, as is often the case in scientific

laboratories. To avoid the filtration and washing of a precipitate,

when the filtrate only is required for further investigation, a method
more frequentl\' adopted in technical than in scientific labora-

tories consists in making up the liquid to a certain volume and

pipetting off an aliquot part, or, as an alternative, pouring it through a

dry filter paper. This plan expedites the work very much, but it is to

be borne in mind that a certain error arises, owing to the volume
occupied by the precipitate, which must be taken into account in accurate

work, and also that in many cases more of the soluble constituents are

retained, owing to " adsorption," etc., than corresponds to the interstices

of the precipitate. Further, the filter paper may remove certain con-

stituents from the liquid by adsorption ; in such cases filtration must be

omitted, and the clear liquid separated from the precipitate b}' careful

decantation. If the solution is acted upon b)' the air, it must be pipetted

directly from the graduated flask containing the precipitate. It should
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hardly be necessan- to emphasise the importance of the pipette being

carefully calibrated in relation to the measuring flask used, but

errors arising from the omission of this precaution are of frequent

occurrence.

The funnels selected for filtration must be of the right angle (60 ), so

that the filter paper can be accurately fitted, otherwise the liquid passes

through too slowly
; filter papers should be of close texture, and allow

of rapid filtration. For analytical purposes, cut filter papers rendered

ash-free b}^ treatment with hydrochloric and hydrofluoric acids are now
almost exclusively emplo\-ed

;
pleated filter papers

are not to be recommended, even for technical labora-

tories, on account of the very great difficulty in wash-

ing them out, except when no washing is necessar\-,

as, e.g., if the liquid has been made up to a definite

volume and an aliquot part of the clear solution is

to be employed for anal\-sis.

Filter pumps are not generally used in technical

laboratories except in cases in which the precipitates

are particularly difficult to deal with ; this is because
j^,_^ j.,

a large number of filtrations are usually carried on

simultaneously, and the various plans to avoid the tearing of the filter

paper are too troublesome under these conditions. Every laboratory

ought, however, to possess a filter pump, of which there are very many
forms; a thick-walled " filter flask" (Fig. 12) with side tube should be

used for collecting the filtrate, in order to avoid accidents

due to pressure.

For most purposes sufficient acceleration of filtration is

attained by connecting the funnel, b}' means of a short rubber

tube, with a "fall tube," 20-25 cm. long, preferably provided

with a loop (Fig. 13) ; this device is obviously no help unless

the filter paper fits the funnel so well that the suction pro-

duced b\' the fall tube acts through the precipitate and no

air enters from the side. Practically the same object is

attained by the use of funnels with very long and fairly

narrow tubes.

The Gooch crucible (Fig. 14) is now used instead of the

ordinary funnel in many cases. As it has not }'et been

adopted in all laboratories, at least not to the extent that it

deserves, some details regarding it may be useful. It is

made either of porcelain or platinum, and has the bottom

perforated by a number of small holes ; if the precipitate has to be

ignited as well as dried, as in platinum determinations, the crucible is

fitted with a smooth dish-shaped traw An asbestos filter is con-

structed on the perforated base of the crucible by first introducing a

lb

Fiii. 13.
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layer of asbestos in long fibres and then short fibre asbestos, both of

which have been previously washed with concentrated hydrochloric

acid and subsequently with water ; a perforated plate of platinum or

porcelain is placed over the asbestos, and more fine-fibre asbestos above

the plate. The crucible a is fixed in an adapter b by means of a thin-

walled wide rubber tube, and the neck of the adapter inserted in the

neck of a filter flask r, to which a filter pump can be applied at d. Dis-

tilled water is first passed through to wash away any loose threads of

asbestos, the crucible is then taken out, dried under the same con-

ditions as are subsequently adopted with the precipitate, and weighed
;

the filtration is then carried out as with an ordinary funnel, the precipi-

tate being collected on the layer of asbestos. After filtering and wash-

ing, the crucible is again placed in the drying oven, and dried at the

desired temperature ; if it is necessary to heat over a free flame, the

supporting tray must be emplo)-ed. Many estimations can be carried

out successively with the same filling of asbestos, especially if the upper

part of the contents of the crucible is removed without injuring the

asbestos filter.

An improved form of the Gooch crucible has been described by

Vollers.^

For filtering solutions whilst hot, the well-known hot-water funnels

are mostly used. A slightly modified form, arranged for use with water,

is shown in Fig. 15 ; the form shown in Fig. 16, consisting of a coil of

^ Z. angciv. Chtv/i., 1905, 18, 1272.
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Fig. 10.

thick- walled copper or lead tubing, heated by a current of steam, is also

very convenient.

Filtration of the precipitate is avoided by the use of centrifugation,

which saves both drying and igniting, and thus leads to

a great saving of time, but the method is only applicable

in quite special cases. The precipitations are carried

out in vessels of the form represented in Fig. 17, which

have at the bottom a narrow tube closed at the lower

end, on which an empirically constructed scale is etched,

which shows the volume occupied by the precipitate of

a definite substance for a definite unit of weight when
the precipitate is reduced to the smallest possible

volume by means of centrifugal force. The scale shows either the

weight of the precipitate in mg., or directly the percentage of the con-

stituent sought, when a definite amount of the original sub-

stance is employed ; the precipitation is effected in the vessel

itself, and the measurement is made whilst the precipitate

remains in contact with the liquid.

The centrifugal method has been applied to the estima-

tion of phosphorus, more especially in iron and steel, the

precipitate of phosphomolybdic acid being measured, to the

determination of urinary deposits, of cellulose in food stuffs,

.etc., and to a still greater extent to the estimation of fat in

milk, of water in butter, and to the rapid separation of

liquids containing bacilli and the like ; tubes of different

construction to the above are used for these latter purposes.

E. Drying and Ignition

The drying of washed precipitates in the funnel gives no

trouble when a drying oven is available, but it involves some
dela}', which is a consideration if the result is required

quickly. The time required for drying can be very considerably cur-

tailed if the funnel is placed on a lead cone or broken beaker, and heated

directly over an iron plate or wire gauze, but there is a risk of cracking

the funnel in this way. It is therefore preferable, when practicable, to

burn the precipitate wet in a platinum crucible, a method which is also

largely employed in scientific work.

For this purpose the filter paper is carefully removed from the

funnel and laid on a piece of coarse filter paper ; by moving it

repeatedly on to fresh dry parts of the latter and pressing very gently,

the greater part of the adhering moisture can be removed in a

few seconds. The precipitate and paper are then transferred directly

into the crucible and i":nited.
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This method can be safely employed for such precipitates as barium

sulphate, magnesium ammonium phosphate, calcium oxalate, silicic

acid, etc.

The direct burning of the filter paper is at least as accurate as the

indirect method of dr\-ing and then igniting, as the loss of substance

which occurs in removing the dry precipitate with a feather or platinum

spatula, and in burning the paper in a spiral of platinum wire, or on the

lid of a crucible, is practicallv- excluded ; also, it has been shown that the

combustion of a wet filter paper is more complete than that of a dry one,

and avoids the formation of tar-like products of carbonisation.

If the external appearance of the ignited precipitate is suspicious, it

is generally possible to apply an experimental check. Thus ignited

barium sulphate, which is grey instead of white, should be treated with

sulphuric acid, evaporated, and again ignited ; similarly, if magnesium

pyrophosphate shows a small dark patch, it should be treated with nitric

acid (repeatedly if necessar}') until the mass is pure white or greyish-

white. When the precipitate is burnt wet it rarely shows an}-thing

abnormal in its condition.

If a precipitate has to be dried at lOO , lio, or other definite

temperature, it leads to great loss of time to first dry the empty filter

paper, and then the paper and precipitate, till the weight is constant.

The following method, which is much in vogue in technical laboratories,

is preferable.

Two filter papers, as nearly as possible of the same diameter, are

taken, one laid on each pan of a balance, and small pieces cut off from

the heavier one until they balance each other accuratel)\ The precipi-

tate is then filtered on to one of the papers, dried first on filter paper, as

described above, and the two filters placed in the steam oven for from

one to two and a half hours, according to the nature and size of the

precipitate ; in weighing, the empt)- filter paper is placed as a tare against

the one on which the precipitate has been collected.

It has been found i that a paper dried at 120° gains several mg. in

weight if subsequently washed with alcohol and dried at 1 10", as is usual

in the determination of potassium ; when 90 c.c. of alcohol are used for

washing, the increase of weight amounts to 5 mg , which must be

deducted from the weight of the potassium platinum chloride.

Rudorff- reconmiends placing the filter paper in a C)'lindrical weigh-

ing bottle, and drying it for thirty minutes in the drying oven, after

removing the stopper of the weighing bottle ; the stopper is then

replaced, the bottle allowed to cool in the air for thirty minutes, and

then placed in the balance case for ten minutes before weighing. After

the precipitate has been transferred to the filter paper, it is similarly

dried and allowed to cool before weighing.

'

J. Stioof, Private comviunicatwii. - Z. ange-v. Cheni., 1S90, 3, 633.
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A very clean but somewhat expensive drying cupboard with

removable porcelain plates is described by Treadwell.^

In works' laboratories ignitions are done in platinum crucibles

for quantitative work ; it is best to emplo}- a solid tare in the weighing

{cf. p. 20). The ignition of larger amounts of substance when it is

unnecessary to weigh beyond centigrams, as in estimations of water,

etc., can be performed in polished iron basins.

Except when a hygroscopic substance has to be dealt with, the

crucible may as a rule be allowed to cool on a pipeclay triangle or on a

block of marble instead of in a desiccator, and the cold crucible may be

handled v.-ith clean fingers instead of with crucible tongs.

Those formes of desiccator are to be recommended which allow a free

passage of air, and are accordingly provided with a calcium chloride

tube, and in some cases with a soda lime tube in addition.

To clean platinum crucibles, fine sand (silver sand) is stirred up

with commercial h)-drochloric acid,

and, after the acid has repeatedly

been poured off, the crucible is gently

rubbed with a portion of the moist

sand ; in this way the cleaning is

rapid!}- and efficiently performed.

F. Heating Apparatus

Gas is the most convenient and

cleanest source of heat, and when
Fig. is.

carried

available is naturally preferable to an}-thing

else. Beyond the ordinary Bunsen burner the

following more special burners are useful.

1. Burners with a horizontal bent tube

(Fig. 18), known in France as the Berthelot

burner. Burners of this form which turn on a

hinge are also made. They are advantageous

in cases where boiling over may readily occur,

and where there is not sufficient height for a

Bunsen burner.

2. Miincke's burner (Fig. 19) is particular!}-

suitable as a substitute for heating in the

blowpipe flame. The temperature is sufficient

to melt sodium carbonate in a few minutes,

so that the fusion of silicates and similar

operations can be performed without a blast,

and there is less risk of substance being

awa}- mechanically.

^ Analytical Chemistry, vol. ii., p. 22.
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3. The Teclu burner (Fig. 20) has similar advantages to the fore-

going, and by means of its various adjuncts permits of the regulation of

the heat.

4. The multiple-flame burner, of which Fig. 21 shows one of the

Fig. 21.

many forms, serves for heating tubes as well as for the simultaneous

heating of several separate vessels. A very useful form of this burner,

devised by Wiesnegg, is

shown in Fig. 22, as used

for heating a muffle.

The various forms of

Fletcher gas-burners serve

more for general laboratory

purposes than for analytical

operations, and are very

useful in certain technical

tests. For high tempera-

tures up to a full white heat

gas ovens such as those of

Perrot (Fig. 23), Seger,

Rossler, and others are

employed.

When heating over the

naked flame is inadmissible,

wire gauze or asbestos boards
'

"
"''

are used. In technical labo-

ratories, where many vessels have to be heated simultaneously, a flat

iron plate covered over with a few mm. of sand is very convenient
;

another and preferable arrangement consists of two pieces of sheet
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iron held about 5 mm. apart b\- rivets, thus forming a hot-air bath.

Ahiminium plates (p. 23) can be similarly used.

Fig. 23.

These arrangements serve for heating to temperatures from
200' or higher. For heating up
to not more than 100', a steam

bath or steam-heated sand-bath

can easily be fitted up in most

works ; the latter are particu-

larly suitable for digesting with

low boiling inflammable liquids,

such as alcohol, benzene, ether,

etc.

Where gas is not accessible,

recourse to spirit-lamps, char-

coal furnaces, etc., was formerly

necessary. Now, other and more
convenient heating appliances

are available which give suffi-

ciently high temperatures, such

as the alcohol burner (Fig. 24),

Barthel's petroleum burner (Fi<

1 10^ to

Fig. 24.

25), etc.
;
petroleum tube furnaces
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for combustions are also obtainable. These burners are free from

danger, and are said to give a higher temperature than 'gas furnaces.

Henri St Claire Deville

has designed a universal

furnace (made b}- Wiess-

negg, Paris) for use with

heavy mineral oil, which

serves as a muffle tube

furnace or crucible fur-

nace, and gives a tempera-

ture of 1300 .

Still higher tempera-

tures are obtainable by
""

j.j„ 05.
means of coke furnaces

and electrically heated fur-

naces. A description of these forms of apparatus falls beyond the

scope of this section.

G. Volumetric Analysi.s^

Volumetric analysis includes " titration anal}'sis " or volumetric

analysis in the restricted sense, which consists in the application of

standard solutions to the analysis of liquid and solid substances^

gas-volumetric analysis, which consists in the valuation of a liquid or

solid by the measurement of an evolved gas, and gas analysis. These

three branches of volumetric analysis are all very extensively employed

both for scientific as well as for technical work. Many of the methods

are equally serviceable for both purposes, whilst others have been

speciall}' worked out for technical analysis. The latter are described

in connection with the respective industries ; a special section is de\-oted

to technical gas analysis.

The Calibration and Standardisation of apparatus used
in volumetric analysis.

In all branches of volumetric analysis it is of primary importance

that the vessels employed should be accurately graduated, just as the

first requirement for gravimetric analysis is that the balance and

weights must be accurate. It has long been customary to check the

weights used in analytical work, but the calibration of volumetric

^ The data on volumetric analysis given in this and subsequent sections comprise a number of

special methods which are of technical value, and which are not usually dealt with in the ordinary

text-books on quantitative analysis.

For the histor}^ of the subject, c/". L. L. de Koninck, Historijue de la methode titrimetrique,

published by Havrez, Brussels, 1901 ; and, Bull, de VAssoc. Beige de Chimistes, 1901, 15,

November and December.
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apparatus is far less general ; the graduations and capacit)- of the

apparatus is too often taken on trust, especially b}- technical chemists.

The calibration of volumetric apparatus used in the anah'sis of

products which are bought or sold should on no account be omitted
;

less accurate apparatus suffices for use in the control of working

processes, but this should at least be submitted to a comparative

standardisation if not actuall)- calibrated. Apparatus for volumetric

analysis can now be bought which has been tested and stamped by

the National Physical Laboratory or by the Imperial Normal

Standards Commission in German)-.

In the great majorit\- of cases the apparatus tested in such institutes

may be relied upon as possessing the degree of accuracy correspond-

ing to the tests used and guaranteed by the certificate of examina-

tion. But this does not absolve the skilled chemist from the duty of

taking cognisance of the character of these tests, or of himself

making further tests in cases of very special importance or of doubt,

just as in similar circumstances he may require to make further tests

of weights adjusted by a mechanic. Also the cost incurred in the

official standardisation ma}-, in case many instruments are used, induce

some to prefer doing the work themselves. This, like every other form

of manipulation, requires a degree of accuracy which is obviously much
greater in the hands of the officials of a standardising institute than in

those of the skilled chemist, but the latter should certainly be able to

do the work, and may prefer to do it in some cases. With this in

view, the following details of the methods employed are given.

The conceptions as to what is to be understood by standardised

vessels and what is to be required of them are ver)' varied, and in some
respects obscure. There is a considerable amount of literature on the

subject^ on which the methods and considerations that follow are

chiefly based ; the work of Schloesser - is especially important.

In the first place, the unit taken as a basis for the standardisation

must be clearly defined. From the scientific standpoint the litre is the

space which one kilo of water, weighed in a vacuum, occupies at its

maximum density. Since this corresponds to a temperature of 4", the

work must either be always carried out at this temperature, which is

naturally not practicable, or at a suitable higher temperature to be

definitely determined, the corrections to be made being ascertained

either by calculation or from tables. This is essential in order to

ascertain the value of the "true litre" and its subdivisions, regard being

had to the temperature of the water and the buo}-ancy of the air, which

^ Cf. J. Wagner, Massanalytische Stiidien, Leipzig, 1898 ; and Z. physik. Ckem., iSgg, 28, 193 ;

Giickel, Chem. Zeit., 1901, 25, 1084 ; 1902, 26, 159 ; and Z. angew. Chem., 1902, 15, 707 ; 1903,

16, 49 and 562.

2 Z. angew. Chem., I903, 16, 953, 977, and 1904 ; Chem. Zeit.^ 1905, 29, 509.

C
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depends on the temperature, the pressure, and the degree of moisture

present. In order to avoid the calculations necessitated by the employ-

ment of the true litre, Mohr, as early as 1855, introduced as the unit

the volume which 1000 g. of water occupies when weighed in air with

brass weights at 14" R. = i7"-5 C. This value is called " Mohr's litre,"

and the designation is also extended to the use of other temperatures

(15', 20", or higher). It is immaterial what this temperature is, so long

as all utensils employed in connection with one another are standardised

for the same temperature, and are subsequently used at the same or

about the same temperature. In order to ensure this, the standard

temperature is etched on all the utensils in question ; this temperature

is, therefore, the same for the vessel and for its contents (water,

mercury, etc.). The " Mohr's litre " and its subdivisions were for

many years in almost general use for volumetric analysis both by

makers and by users of apparatus. Its convenience was then un-

deniably very great, since, in calibrating, all calculations which were

formerly not facilitated by tables could be dispensed with.

Unfortunately, however, the desired agreement is not obtained even

by calibrating at a definite temperature, since the density of the air at

the time of the calibration must also be taken into account. If, for

instance, we take the pressure of the air- 760 mm., and the temperature

if-$, calculation shows that one " Mohr's litre "= 1002-3 true c.c, and one

true litre = 997-7 " Mohr's" c.c. If, however, the calibration were carried

out at a pressure of 700 mm., the difference due to the change in pres-

sure would make a difference in weight of almost o-i g., and the volume

if determined subsequently at the higher pressure would be found too

small by this amount. This source of error is also not avoided by fixing

a normal pressure of 760 mm. for the Mohr litre, since the buoyancy of

the air depends not only on the pressure, but also on the temperature

and the degree of moisture present.

Taking these considerations into account, the advantages which

Mohr and his successors claimed for the choice of an alternative to the

true litre disappear. The use of tables (p. 46) cannot be avoided, and

the true litre in conjunction with tables (pp. 37 to 38) is, therefore, just

as easily employed. It is, accordingl}', very desirable that the word

"litre" and its subdivisions should be restricted to the true (metric)

litre, and that all chemical measuring utensils should be based upon it.

At the same time it must be recognised that much apparatus standardised

according to Mohr's system is still in use ; the tables given below can be

used to determine the deviations of such vessels from true litre measures.

The calibration of measuring flasks should always be carried out ^\ith

the same kind of liquid as that with which they are to be filled when in

use, so that the conditions of wetting, the meniscus correction, etc., are

similar ; apparatus to be used with mercury should always be calibrated
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with mercur}', whilst burettes, pipettes, and measuring flasks are cali-

brated with water, which does not differ essentiall}- in its behaviour from

the ver\- dilute volumetric solutions generally used in these vessels.

To avoid all the errors mentioned above, the only means is the

employment of the true litre ; as alread}- stated, this is the volume

which I kilo of water at 4 occupies under standard pressure. If this

space is to be marked off, eg: on a flask, the position of the mark will

depend on the temperature of the flask. The standard temperature to

which certificates are used b}- the National Physical Laboratory is 15

C. ; thus the statement that the volume of a one-litre flask is correct

means that at a temperature of 15 the volume of the contents of the

flask is the same as that of a kilo of water at a temperature of 4 . The
tables given below allow the adjustment to be made directly at an\'

desired temperature and pressure, the weights that must be placed on

the scale pan to effect this being given in each case.

Two true litre measures of glass, adjusted at different temperatures,

differ only b\' the difference in the expansion of glass between the two

temperatures, if water of the same temperature has been used in testing

them. Therefore it is onl}- necessary to calculate the weight which is

in equilibrium with the weight of water occup}'ing a true litre measure

for one normal temperature, eg:, 15'. If the temperature of the air does

not greatl}- deviate from this, and the height of the barometer is not

very far from 760 mm., mean assumptions may be made for the factors

which influence the buoyancy of the air, pressure, temperature, and

degree of moisture, and the reductions thus obtained may be combined

with those due to the temperature of the water. The values in Table

I- (p- 37) can then be employed directly in order to find how the

volume of a true litre should be marked off on a flask. If, for example,

the air and the water have a temperature of i/', the empty flask along

with a kilogram weight is placed on one scale pan and brought to

equilibrium b}' a tare on the other ; the kilogram weight is then

removed, and on the same side (that is, along with the flask) weights to

the amount of 2-208 g. are placed ; equilibrium is then re-established

by filling the flask with water of 17', and the volume occupied by this

weight of water marked on the neck of the flask.

In the case of greater deviations of the temperature of the air from

15". and of the atmospheric pressure from 760 mm., Table II. (p. 38) is

used to correct the values of Table I. If, i'.g., the height of the

barometer is 720 mm., the temperature of the air 25 , that of the water

24"'- 3, the weight to be added for a litre is :

—

From Table I. ..... 3564 mg.

From Table II. . . . . . - 92 mg.

3472 mg.
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The weight of the volume of water required to correspond to a true Htre

for the flask at 15 is therefore looo- 3-472 = 966-528 g.

For any other normal temperature (/) the magnitude (/— 1 5) 0-000027

must be added to the above ; thus for a normal temperature of 20' all the

values of Table I. must be increased by lOOO (20— 15) 0-000027= 135 mg.

For a water temperature of 20", 2699-+- 135 =2834 mg. must therefore be

added.

If a different value to the above be chosen for the mean expansion

coefficient of glass, then 1000 (rt'— 0-000027) (/— 15) must be added to

the values of Table I., a denoting the new coefficient of expansion of

glass, and / the temperature of the water. The amount of this correc-

tion is always very small, and is hardly likely to be emplo}'ed by the

chemist in calibrating.

The Tables I. and II., pp. 37 and 38, were calculated by the Normal

Standards Commission, and communicated by Schloesser.^

The following are the methods and conditions adopted by the

National Ph)-sical Laboratory for the testing and calibration of glass

vessels.

-

Vessels are calibrated either gravimetrically or volumetrically.

When the highest accurac)- is required, gravimetric calibration is

employed. Volumetric calibration, however, which is simpler and more

rapid, is in practice sufficiently exact for most purposes.

Gravimetric method.— i. Vessels to be tested for contents. The

vessel to be calibrated is weighed empty ; it is then filled with distilled

water up to the mark, and weighed again, the temperature being care-

fully noted before and after the weighings, and the weighings reduced

to weighings in vacuo.

The difference between the weights is the weight of water which

fills the vessel at the temperature of the observation. The weight of

water which would fill the vessel under the given conditions of

temperature, if its volume were correct, can be calculated from a

knowledge of the density of water at different temperatures,

and of the expansion of the containing vessel by use of the Tables

I. and II.

2. Vessels to be testedfor delivery. The contents of the flask or other

vessels are poured into a vessel of known weight, and the same

procedure is adopted.

Volumetric method.—The method to be employed depends on the

apparatus which it is required to test. For many purposes automatic

pipettes are found useful. These are first graduated by the gravimetric

1 Z. angeiv. C/iem., loc. cit.

- The Editor is indebted to Dr R. T. Glazebrook, Director of the National Physical

Laborator}', for these data. A pamphlet containing full details and charges is issued by the

Laboratory.
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method, and then form standards by the use of which other vessels can

be cahbrated.

Methods of measurement.—(i) Flasks for contents. In the case of

flasks up to lOO c.c. inclusive, the temperature of the water is determined

after the weighing ; in the case of larger flasks, both before and after the

weighing. If the neck of the flask is too narrow to admit the ther-

mometer, the temperature may be taken in an auxiliary vessel. The
adjustment of the meniscus is made after the first temperature

measurement.

(ii) Flasks for delivery. The flask, filled to the mark, is inclined, as

its contents are being poured into the tared glass, until, when the

continuous stream of water has ceased, it stands nearly vertical. In

this position it is allowed to drain for one minute into the glass, and

the last drop is removed from it b}' touching against the side. The
temperature is taken immediately before the adjustment of the

meniscus.

(iii) Pipettes zi'ith one mark. The pipette is clamped vertically, and

by means of a rubber tube is filled from the jet to about i cm. above

the mark. The suction tube is closed by the finger, the water-delivery

tube taken away, and the level of the meniscus adjusted to the mark.

Any drops adhering to the jet are removed. The water is then allowed

to run off into a tared glass, the point of the jet touching the wall of the

vessel. After the continuous outflow has ceased the pipette is allowed

to drain for fifteen seconds, and the jet is then stroked off the wall of

the vessel. The temperature is taken on a sample collected in a special

glass before the filling of the pipette, and on the water run out of the

pipette after the weighing.

(iv) Pipettes ivitJi two marks. The method of procedure is the

same as in the foregoing section, except that when the water has flowed

down to within 2-3 mm. of the second mark, the suction tube is kept

closed by the finger for fifteen seconds, and the adjustment to the lower

mark is then made by slightly raising the finger. The last drop on the

point is stroked off

(v) Overflow Pipettes. These are tested like ordinary pipettes. The

tap must be kept full open during the outflow. Experience has shown

that accurate results can be obtained only when the pipette is filled and

emptied four or five times before the actual test.

(vi) Measuring Glasses to contain. The glass, together with as many
grams as it contains c.c, is counterpoised on the balance. The glass is

removed, filled to the smallest marked volume, and then replaced. As

many grams as the part to be tested contains c.c. are then taken off the

balance pan, and the balance again counterpoised. After this test, the

glass is filled up to the next mark and tested in the same way, and so

on until the complete volume is reached. Each mark is tested from the
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zero. In calculating the error between two marks, if a be the error to

the upper mark and b the error to the lower mark, the error between

the marks is a-b.

(vii) Measuring Glasses to deliver. The measuring glass is filled up

to the lowest of the divisions which it is required to test. The water is

then poured into a beaker which has been counterpoised with its cover,

the same regulations applying here as in the case of flasks " to deliver."

After this the glass is filled to the next numbered division, and the

operation repeated. The temperature is taken immediately before the

first and last filling.

(viii) Measuring Glasses ivith incomplete divisions. These are usually

tested at five points, viz., at the top, at the bottom, and at three inter-

mediate points. In other respects they are treated as other measuring

glasses.

(ix) Burettes. In all tests the water is run out continuously from

the zero marks. The burette is clamped vertically, and filled up to

5-7 mm. above the zero. The water is allowed to run out exactly to

the zero mark, and any drops adhering to the nozzle are removed. Care

must be taken that no air bubbles are present. The tap is opened

wide and the water run out into a counterpoised vessel ; the flow is

stopped when the water is about 5 mm. above the mark to be tested.

After waiting two minutes the water is run out exactly to the mark,

and the last drop touched off against the side of the glass.

Burettes fitted with glass taps should have the tap lubricated

slightly with vaseline.

(x) Gay-Liissac Burettes. The burette is first filled as exactly as

possible up to the mark. It is then inclined until the first drop flows

from the outflow tube and note is taken of how far the meniscus is

moved backwards. The burette is then filled to the zero, and gradually

emptied into a glass counterpoised with weights corresponding to the

volume to be tested, until the meniscus comes to the same point as

previously. It is then placed vertically, and two minutes allowed to

elapse before the exact reading is taken. Weights corresponding to

the content which is being tested are then removed from the balance,

and the weighing completed in the usual way.

(xi) Measuring Pipettes. The pipettes are clamped vertical!}', and

fitted with a pinch-cock by means of a rubber tube. In other respects

they are treated as burettes.

x^mongst the general conditions specified, it is pointed out that the

adjustment of the meniscus of the water to the mark of the vessel is

made so that the lowest point of the meniscus is in that plane which con-

tains the mark. In this adjustment the axis of the vessel should be verti-

cal, and the observer's eye placed in such a position that the front and

back halves of the mark coincide. A black background should be used.
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According to Schloesser, the method of deHvery, whether free or

against the wall of, the receiving vessel, is immaterial; the differences

arising therefrom are small. Free delivery with subsequent removal of

the drop seems preferable, however, in the case of burettes, because the

end reaction can be then more readily recognised ; this applies also to

pipettes, because there is then no temptation to hold them obliquel}',

which is always objectionable. Blowing out, on the other hand,

Schloesser absolutely rejects, an opinion in which Lunge concurs, since

it gives rise to too great differences between different observers. As
regards the time interval to be allowed for delivery, it is only necessary

to wait until the residual liquid has been reduced to a negligible small

amount ; in the case of pipettes, this can be taken as | minute.

Should it be desirable for some special reason to undertake the

calibration of apparatus, this can be done with sufficient accuracy,

and within the official limits of error, by employing a sufficiently

stable balance, turning with 005 g., for vessels holding up to 500

c.c, and an ordinary analytical balance and a weighing bottle, provided

with a glass stopper, for smaller vessels. The temperature of the

water employed in calibrating should be determined with an accurate

thermometer to within ± o-r.

The contents of ordinary pipettes are emptied at one delivery into

the weighing bottle, those of burettes and measuring pipettes in

portions of 2-10 c.c. at a time, according to the accuracy desired ; the

conditions with regard to the holding of the pipette, removal of the

drop and the interval allowed for draining as practised at the National

Physical Laboratory being observ^ed. If Mohr's system is used, the

weight for the normal temperature chosen must be calculated according

to the Table on p. 46. For the true litre the data given on p. 35 et scq.

are to be observed, and Tables L and IL (pp. 37 and 38) used for

the necessary corrections. The error of the vessel is then given by

the difference between the calculated additional weight and that

actually required.

If the vessel is calibrated for delivery, thorough cleaning must be

strictly attended to {cf. p. 50).

At least two calibrations should be made, and more if there are

large differences in the determinations, and from the mean of the

results a table of corrections is drawn up. In the case of measuring

flasks and ordinary pipettes, it is preferable to alter the graduation

to the corrected position.

If a great many calibrations have to be carried out the dela)' due to

weighing may be avoided by the use of standard measuring instruments,

although this is less accurate than direct weighing. For this purpose

the Ostwald pipette (Fig. 26) is usually employed. These pipettes

are made to hold 2 or 5 c.c, according to the degree of accuracy
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required, and are tested as follows. The pipette is fitted on to the

lower end of the burette, as shown, the burette is filled with water of

the normal temperature, and then by opening a pinch-cock at n the

pipette is filled exactly up to the mark /\ A weighing bottle is then

placed below the pipette, the pinch-cock at d opened, and the water

allowed to flow out until it just reaches the mark r, one or

preferably two minutes being allowed to elapse for com-

pletion of the delivery. It is unnecessary to connect the

side tube of the pipette with the jet of the burette, instead

of, as is shown here, with the rubber tubing, if this 1-2

minutes' interval is allowed. The mean of three weigh-

ings of the contents of the pipette, if they agree well

among themselves, is taken as the standard. To calibrate

the burette r, it is filled with water at any desired tempera-

ture, which, however, must remain constant during the

calibration ; then, by opening a, the water is allowed to

rise to c, and the burette filled to the zero mark. By
again opening a, the water is allowed to rise exactly to l>,

and a reading of the burette taken. The water in the

pipette is next allowed to run out to c by opening d,

and the pipette again filled up to the mark d by open-

ing a ; the position in the burette is again read off, and

so on until the burette is empty. An interval of a minute

is allowed to elapse before each reading in e, b, or c. The
mean of two series of experiments is taken, and the actual

capacity of each interval of the burette, corresponding to

the capacity of the pipette, is thus determined. If, for

example, the capacity of the pipette determined by the use of Table I

has been found to be 2-1234 true c.c, and if the first pipette deliver}- occu-

pies 2-20 c.c. in the burette, each c.c. of the burette = ^^-^^— = i-Ot6 c.c
2-1234

If the reading of the burette after the second delivery is 4-35 c.c

Fig. 20.

C.C. in this section contains -
4-35-2-20 = I-OI c.c.

each

and so on. In this
2.1234

way a correction table for the burette readings can be constructed.

Cushman^ mentions an improvement on the Ostwald pipette which
Ostwald himself had previously adopted, which consists in graduating
the upper narrow tube, care being taken that the capacity of the pipette

from the mark c to about the middle of the upper tube b is

2 c.c. It is then not necessary to determine the capacity of the pipette

by a number of accurate weighings as above, but only to find the value

of the pipette scale with regard to the burette scale by a few determina-
tions. In calibrating, 2 c.c. at a time are allowed to pass from the

1 Chem. Xc'zc/s, 1902, 85, 77.



44 GENERAL METHODS USED IN TECHNICAL ANALYSIS

burette into the pipette, and the height of the Hquid in the latter noted
;

the corrections of the burette can thus be calculated. This calibration

is of course only relative; if the absolute values of the graduations are

required, the capacity of the pipette must be determined in the ordinary

way. Or it may be found by making a few weighings, so as to ascertain

up to which of the graduations on the upper tube the pipette has to

be filled so that it holds exactly 2 c.c. ; it is subsequently always filled

up to this mark, and used for calibrating according to the method
described above, whereby the corrections to be applied to the readings

of the burette can be found without much calculation. For calibrations

according to the true litre, attention must be paid to the details on

p. 35 ct seq.

In the calibration of measuring instruments for gases, a distinction

must be drawn between apparatus for the actual analysis of gases, for

which only relative measurements are required, and that employed

for gas-volumetric analysis, i.e., the estimation of a constituent of a

solid or liquid in the gaseous form, for which purpose absolute measure-

ments are necessary. A further distinction must be made, according as

whether the gas is confined over water, over mercury, or in the use of

nitrometers, over sulphuric acid, and the meniscus correction for the

confining liquid must be allowed for, in case measurements are

made at parts of tlie tube of unequal bore. Lastly, instruments

must not be calibrated in an inverted position compared with that in

which they are to be employed, since the menisci will then be inverted
;

or if this is unavoidable, the necessary meniscus correction must be

ascertained.

The expansion of the glass is, in these cases, scarcely ever taken into

account. The temperatures of calibration should be stated as in the

1 15° 20'
case of liquids, - or "

- , etc., since if the calibration has been effected
^

4 4
at 15', determinations made at this temperature and at 25' are not

equivalent.

Gockel points out that the plan of taking the mean of the readings

at the highest and lowest points of the meniscus, as the correct reading,

is decidedly to be condemned, L. W. Winkler ^ regards the values

for the meniscus correction given by Bunsen - as too low ; according to

more recent determinations by Gockel,^ however, Bunsen's figures are

very near the correct values. As these corrections are not required for

ordinary volumetric apparatus, reference to the original papers will

suffice.

The time interval of two minutes before taking a reading, as recom-

mended in the case of burettes, is not applicable to gas measuring tubes,

1 Z. anal. Chem., 1901, 40,403 ; and '/.. angew. Chew., 1903, 16, 718.

- Gasometrische Methoden^ 2nd edition, p. 38. " Z. angew. Cliem., 1903, 16, 49.
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since it depends on their form and diameter. In most cases, the values

given below for the time taken by the water, used in gas burettes, to attain

its final position may be taken as correct.

For 25 c.c.
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distilled water which at / fills a litre flask, calibrated at i 5 , so that it

occupies a volume of looo c.c. at 15.

Temp.
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Fin. 28.

Burettes with glass stopcocks are, however, indispensable for

potassium permanganate and iodine solutions; those with stopcocks

at the side should be employed.

When used in the control work of manufacturing processes, no special

precautions in reading burettes are necessar}-. For more

accurate laborator}' work, however, the following precautions

are necessary :

—

In order to be fairly. certain of reading burettes of 50 c.c.

capacity, and graduated in ^V c.c. to within o-oi c.c, the use

of a pocket lens is advantageous ; it is also necessary to avoid

two sources of uncertaint}', namely, the indistinct boundary

between air and liquid, and the parallax error. The first is

generally avoided by taking the lower boundary line of the

black meniscus as the normal reading, but this cannot be

done in the case of dark liquids such as permanganate solu-

tion. The boundary line is rendered much sharper

by shutting off the light from below, by holding

a sheet of black paper behind the burette, with the

upper edge some mm. below the meniscus ; as an

alternative, the fingers held close together may be used. It

is scarcely necessar)' to illuminate the upper part speciall)-.

Instead of black paper, G. Bergmann^ proposed the use of a

blackened wooden clamp with a holder, which is fixed on

to the burette from the side, and on w^hich a milk-glass plate

is screwed. Schellbach recommends the use of burettes with

two narrow white longitudinal strips at the back ; in this

way a fine point, which can easily be read, is formed at

the boundary of the meniscus.

The use of floats naturally obviates the difficulty arising

from the want of definiteness of the meniscus, provided that

they are accurately made and that their mark is finely etched.

The second source of uncertainty is due to parallax. If the eye is

not quite accurately in the plane of the meniscus, the reading may be

several hundredths of a c.c. either too high or too low. This is obviated

by having a circular mark for reading, which appears as a single

line when the eye is exactly in its plane. For this purpose Erdmann
devised the cylindrical float, which is, however, open to the objections

that it often sticks, especially when the burette is being filled, and that

the greater accuracy of reading hoped for from its use is rendered quite

illusory by its frequently taking an oblique position and by the unequal

capillary rise of the liquid between its exterior wall and the inside wall

of the burette. For these reasons most chemists have abandoned

its use.

^ Z. angew. Chem., 1898, II, 853.
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The spherical float of Beutell (Fig, 29), in which capillary effects are

obviated, is a considerable improvement on that of Erdmann. With
a good float of this kind, one which takes a true vertical position,

an experienced observer can read quite well to o-oi c.c. and in any case

with much greater certainty than without a float, when ordinary

burettes without circular marks are used.^ These floats are often not

properly weighted, and consequently hang obliquely
;
they are then

quite useless.

To take readings to o-or c.c. with a float, it is preferable to use a

magnif}'ing glass, or for greater certaint)% a reading telescope ; but

the increased accuracy thus obtained is illusory if the errors of the

burette are too large, or if the graduations are too coarse or not

sufficiently uniform, as is often enough the case. The
graduation of Erdmann's float in ninths, as proposed by

Prinzl, although in principle undoubtedly an improvement,

has scarcely come into use, chiefly because it can onl}' be

employed for cylindrical floats, the drawbacks of which

have been mentioned above.

The utility of using floats has been much disputed,

e.g., by Reinitzer, Andrews, J. Wagner, Kreitling, and

Schloesser. The majority of the objections raised, how-

ever, apply to the cylindrical Erdmann float, and include

the points referred to above. Lunge regards a properly

constructed Beutell float as reliable and satisfactory.

/% ; Ordinary floats cannot be used for fairly strong per-

^m \
manganate solution, on account of its dark colour. The
double spherical float proposed by Rey,- one sphere of

which projects above the liquid and carries the mark, for

such solutions, is unsatisfactory, on account of the difficulty

of getting floats of this kind which hang vertically and

also because the upper sphere is too small. The floats constructed by

Diethelm "^ are somewhat better, but the upper bulb is also unavoidably

too small.

Many chemists are prejudiced against the use of floats altogether,

because they are often faulty in construction and wrongly used. The
German Imperial Normal Standards Commission also condemns them

and desires to replace them by having the graduations carried either

right round, or three-fifths or half-way round the burette ; the burette

must then be placed so that the graduations are on the left-hand side

of the observer, are visible both from the back and front, and appear

as a single line at the point of reading when the head is held in the

proper position. In this way parallax is certainly avoided, but the

1 Cf. G. Lunge, •,t/i Congress of Applied Chemistry, 1 903.

- Ber., 1891, 24, 2098. ^ Chem. Z(it., io2, 26, 607.
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uncertainty in the reading of the meniscus remains, and must be over-

come by the use of an illuminator ; also, such burettes are expensive

(about IS. 6d. to 2s. dearer than ordinar\- burettes of the same accurac)-)^

and, according to the makers, the}- are more fragile than those with short

graduations. The objection has been made that these longer gradua-

tions are fatiguing to the eye, but this, and also their greater fragility,

are denied by Schloesser.

The problem of avoiding parallax and at the same time attaining

a sharper reading is, according to Lunge, most satisfactoril}- solved

by the use of the light screen constructed b}' GockeU (Fig. 30),

which renders both floats and circular graduations unnecessary. It is

based on a principle similar to that of Bergmann's clamps (p. 47), and,

like these, is clamped on the burette 2-3 mm. below the lowest point of

the meniscus ; owing to its diagonal form, it can be fitted to tubes of

from 9-20 cm. diameter with one and the same clamp. The black

clamp shades off the superfluous light, thus forming a very sharp, dark

boundary line. If necessary, especially when the light is not very good.

mm
HnO Meniscus Hg. Meniscus

a sheet of white paper may be held behind the burette to give better

illumination on the scale, or it may be fixed to the clamp, thus acting

as a complete substitute for the fragile frosted-glass plate employed by

Bergmann. The new feature in Gockel's screen is the avoidance of

parallax, by making the opening of the screen exactly at right angles

to its horizontal surfaces. Small metallic plates, screwed to the clamp,

act in such a way that on opening and closing the screen its motion is

always in the same plane. In order to avoid parallax, therefore, it is

only necessary to bring the e\-e into such a position that the front and

back edges of the upper surface of the screen coincide. The same

object can be attained for a mercury meniscus by placing the screen

2-3 mm. al?ozr it, as shown in the figure.

Lunge- regards Gockel's screen as thoroughly satisfactor}-, and is of

opinion that it makes the use of floats in ordinary burettes with short

graduations quite unnecessary ; it may also be employed for avoiding

parallax in dealing with opaque solutions, such as permanganate,

although in such cases the meniscus is, of course, invisible.

1 C^e>n, ZeiL, 1903, 27, 1036. - Z. a)igeu: C/uiii., 1904, I7i 198-

D
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Dupre^ uses a small glass rectangular mirror, 72 by 50 mm., for

reading burettes. The lower portion of the mirror is covered with a

piece of paper, fixed parallel to the side of the mirror, the right-hand

half of the paper being white and the left-hand half black. In taking a

reading the mirror is held against the back of the burette in such a

position that the black part of the paper gives the best definition of the

meniscus, and the head is so placed that the pupil of the e}'e is seen

reflected at the same height as and close to the division to be read.

Before being used, burettes, pipettes, and other measuring vessels

must be well cleaned, especially from fatty substances. The following

reagents are recommended for this purpose :—alcohol and ether ; strong

sodium hydroxide solution, followed by water, hydrochloric acid, and

then water again ; strong nitric acid
; acidified permanganate solution

for from one to two days. A mixture of sulphuric acid and potassium

bichromate is probably the most useful reagent ; it can be kept for

several months, and in obstinate cases may be used warm.

The German Imperial Normal Standards Commission (1902) rightly

condemns the use of hydrofluoric acid for cleansing purposes, as is

sometimes recommended, and also the use of all other strongly acting

chemicals, which is going somewhat too far. They give the preference

to soap and water (concentrated and hot if necessary) to be applied

either with strong brushes, or by shaking with filter paper, according

to the shape of the vessel. Such mechanical cleaning is certainly

preferable to any other method.-

Insufficiently cleaned burettes, etc., give rise to serious errors by the

adherence of drops to the dirty parts ; instruments, which in spite of all

efforts cannot be satisfactorily cleaned, should only be used for rough

estimations.

Different liquids wet glass to a different extent, and consequently

give different volumes on delivery. According to J. Wagner {cf. p. 41),

who has made experiments on this point, the errors arising in this way
are, as a rule, negligible, but in the case of concentrated sulphuric acid

the amount adhering to the glass is much greater than in the case of

aqueous liquids (0-7 per cent, instead of 0-2 per cent), and this must

be taken into account in the analysis of nitrous vitriol.

In technical laboratories, none of the more complicated forms of

burette stands and holders should be used, but only the simplest and

cheapest, more particularly those which hold a large number of burettes.

It is very necessary to choose forms in which no part of the scale is

covered by the holder. A very simple and inexpensive form is shown

in Fig. 31.^ The burette fits into the semicircular opening in the wooden

support, and is held against it by the piece of gut a attached to the peg

1 rrivate coinaauniculioii to Prof. Lunge. "^

Cf, Schloesser, Z. augew. Cheni,, 1903, 16, 962.

^ Made by C. Desaga, Heidelberg.
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b ; by turning b, a can be loosened, so that the burette can easih- be

taken out or replaced.

Burettes are very largely emplo}'ed in technical laboratories, which

have an arrangement for filling them from below by means of a side

tube, or by means of a T-piece introduced between the lower end of an

ordinary burette and the delivery

tube ; a rubber tube is joined to

the horizontal arm of the T-piece

and leads to a stock-bottle at a

higher level (Fig. 32). The burette

is filled from below, a pinch-cock

or glass stopcock being attached

to the side tube to regulate the

supply of the solution ; an obvious

saving of time and gain in cleanli-

ness is thus effected. This method
of filling has also been suggested

for liquids which must not be

Fig. 32. Fig. 31.

brought in contact with rubber ;
^ this may be done by making a

rigid glass connection between the burette and the stock-bottle, sealed

on to the burette at its lower end, and with the upper end dip-

ping into the bottle, like a syphon. This arrangement is, however,
much too fragile, as it may be easily damaged by shaking. It is

1 Gawalowski, Z. anal, L7iern., 1 88 5, 24, 218.
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important to bear in mind that whether burettes are filled from an

attached stock-bottle or b)^ hand, it is always necessary to shake the

stock-bottles of normal solutions at least once a day, preferably at

the beginning of the da}-'s work, in order to mix the water which
has evaporated and condensed on the upper empty part of the bottle

with the rest of the solution ; such shaking is obviously out of the

question with a rigid connection, such as that suggested above. Stock-

bottles, if connected for filling up the burette as described above, must
be shut off from the air by tubes con-

taining calcium chloride, caustic alkali,

etc., or, less conveniently, a tube may be

led from the stock-bottle into the top

of the burette, so as to prevent changes

by evaporation of water, absorption of

carbon dioxide, ox)-gen, etc. The large

stock-bottles in which the volumetric

solutions are kept in bulk, and which

often are of a capacity of 50 litres or

more, must be similarly shaken before

filling the smaller supply-bottles ; this is

facilitated by making use of the ordinary

stands for carboys.

^^*" )
1' ^f"^'^'^, The apparatus constructed by O.

ll «t^ KM Knofler, in which the burette is fixed

into the stock-bottle itself, and filled

from below by blowing in air with a

rubber ball, is very convenient for many
purposes. Various forms of this appa-

ratus are obtainable. Contact with

rubber can be avoided by this device

without making it impossible to shake

the bottle.

KiG. 33. An overflow arrangement can readily

be connected to burettes of this t}-pe,

as shown in Fig. 33 ; in this case it is not necessary to adjust to

zero, because this is regulated by the upper end of the burette

itself, since the liquid which overflows, when filling, runs back into the

bottle.

Gockel ^ has devised a burette with a long bent side tube for

titrating hot solutions ; an apparatus for facilitating the titration

of a large number of solutions has been constructed b}- \\\

Schmidt.^

^ Z./iir c/iem. Appanileiikiinde^ I905i Ij 99- - Chein. ZeiL^ 1904, 28, 154.
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Pipettes.

Graduated pipettes of large dimensions are seldom required ; the

most useful sizes are i c.c. (divided in yi^ths), 2 c.c. (divided in J^ths),

and 5 c.c. or lo c.c. (divided in T^Vths or yV^hs). Since

they are mostly used for measuring out the solutions to

be analysed, great stress must be laid on their accurac)-.

The method of deliver}- has been described above (p. 39).

The measuring vessels suggested by O. Bleier,^ of

which the measuring pipette is shown in Fig. 34, are

designed to deliver quantities up to sa\- 50 c.c. b}- means
of one and the same pipette, according as the point b, r,

d, e, or f is taken as zero. The capacity from /; to c, c to

d, d to e, and e to f, must alwa}\s be exactl}- 10 c.c, and

the connecting tubes must not be too wide, as otherwise

the practical value of the device is lost.

As regards the method of using ordinary pipettes,

reference ma\- be made to p. 42. Pipettes which have the

graduation on the upper part only, and which accordingly

deliver their full content, are preferably used only for less

important work, such as in the control of a manufacturing

process ; when the greatest possible accuracy in measuring

is desirable, it is preferable to use pipettes having a lower

graduation as well. The latter should be just above the

contracted part of the tube, at the point to which the
^

^
. .

' ^ Fig. 34.

pipette empties itself when used for dilute solutions. The
tediousness referred to by J. Wagner in using a pipette with two marks
is then avoided, even when the necessary interval for draining is allowed,

_ which is best done as follows. The pipette is

run out to within a few mm. above the lower

mark, an interval of \ minute allowed, then run out

accurate]}' to the mark, and finally the last drop

removed. Before adjusting to the upper mark, the

liquid wetting the lower part of the pipette on the

outside should always be washed off with water.

When one and the same volume of liquid has

often to be measured off, self-adjusting pipettes

(overflow pipettes) are very suitable, especially when
large amounts (50-100 c.c.) have to be taken. There
are many forms of these pipettes, of which those

shown in Figs. 35 and 36 are examples.

It must not be overlooked that, even under

the most favourable circumstances, measuring in

pipettes is far less accurate than weighing. The procedure ver}'

' Chein. Zeit., 1897, 21, 1028.

Fio. 35. Fig. 3(5.
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generally and advantageously adopted for technical work, of weighing

out a large amount of substance, dissolving it in a measuring flask

and withdrawing an aliquot part of the solution for analysis, is never

as accurate an analytical operation as the weighing out and direct

analysis of a small amount of substance, even if the measuring vessels

have been carefully calibrated. The advantages of the latter method

may, however, be more than counterbalanced by the difficulty of

obtaining a satisfactory average sample in small bulk.

Vessels used for Titration.

Beakers are employed as a rule, but if it is desirable to exclude air

as much as possible, ordinary or Erlenme}'er flasks are preferable ; a

current of carbon dioxide can be passed into the flask during the titra-

tion, if desirable. Dupre^ uses a large bulb U-tube
;
when the colour

change of the indicator in use appears, in the portion of the solution

contained in the bulb into which the titrating solution is delivered, the

contents of the tube are mixed by gentle shaking. The titrations are

thus carried out rapidly and with safety.

Quality of the Glass employed in volumetric analysis.

Attention to the quality of the glass of which the measuring vessels,

beakers and flasks, emplo)'ed in volumetric work, are made, is of importance-

It has long been known that many kinds of glass are gradually attacked

even by distilled water, and more readily by alkalis, with the liberation of

both silicic acid and of alkali. Glass is much more resistant towards acids.

Formerly, it often happened that burettes in which sodium h)-droxide

had stood for a long time developed cracks, but this seems to be of less

frequent occurrence now ; dependence should, however, not be placed on

standard alkaline solutions which have stood for a long time in vessels

made of ordinary glass, without further standardisation.

Glass is attacked to a much greater extent on heating. For this

reason, the sharper change of colour shown by phenolphthalein and

litmus as compared with meth}-l orange is, in many cases, quite deceptive,

because, when the first two indicators are used, long boiling is necessar}-

to drive out the carbon dioxide, and if this is done in vessels made of

ordinary glass, the amount of alkali may easil)' come out distinctly too

high. This can be guarded against by using porcelain vessels, or, though

by no means perfectly, by using specially made glass, such as Jena
" resistance glass."

That glass giving a strongly alkaline reaction is still sometimes met
with in commerce, has been pointed out by C. Liebermann.^

Lunge 3 states that on boiling normal sodium carbonate solutions in

' Private communication to Prof. Lunge. - Ber.^ 1898, 31, 1818.
' Z. angew. C/ieni.^ I9<^4) I7) 196.



INDICATORS FOR ACIDIMETRY AND ALKALIMETRY 55

vessels of ordinar)- Thuringian glass, for a long time, considerable

amounts of sodium and of silicic acid go into solution, calcium silicate

being precipitated, and that even Jena resistance glass is distinctly acted

upon under the same conditions.

Indicators for Acidimetrv and Alkalimetry ^

Acidimetry and alkalimetry depend on the fact that when acid and
alkaline solutions, which, however, need not necessarily contain free

acids or alkalis, are brought together, a definite point is reached at

which the indicator, which has been added to one of the solutions,

changes colour.

A very great number of indicators have been suggested, but the

majority have been found to be of but little value in practice ; many
of them are quite useless for accurate work, and most of them are

superfluous. Only three indicators, which suffice for all purposes, are

in general use

—

litmus, methyl oi-ange, and plienolphthalein. In fact,

litmus, although the oldest indicator, and formerly almost exclusively

used, can also be dispensed with, and is now only used in many
laboratories in the form of litmus paper ; but all eyes are not so

sensitive for the change of colour with methyl orange as with litmus, and
for this reason, as also from long custom, litmus is still widely used.

Indicators are usually divided into three classes—(i) those which are

only slightly or not at ail sensitive to weak acids, such as carbonic acid,

sulphuretted hydrogen, silicic acid, boric acid
; (2) those of medium sensi-

tiveness
; (3) those which are almost as sensitive to the weakest as to the

strongest acids. Indicators of the first class have a distinctly acid char-

acter ; they combine with all bases, even weak ones, to form salts, which
have a definite colour and which are only decomposed by stronger acids,

with the production of a different colour pertaining to the free acid. They
are therefore sensitive to alkalis and to strong acids, but not to weak
acids. The most important of these is methyl orange ; other azo-

colouring matters such as tropaolin 00, Congo red, and benzopurpurin

are also used, and further, lacmoid, cochineal, para-nitrophenol, and iodo-

eosin, the latter being particularly sensitive towards alkalis.

The third class has exceedingly weak acid characters, usually only

phenolic, and their salts are therefore decomposed even by the weakest
acids. These indicators are very sensitive to acids, even carbonic acid

and sulphuretted hydrogen, less sensitive to bases. The most important
indicator of this class is plienolphthalein ; others are, turmeric, rosolic

acid, flavescin, etc.

1 A comprehensive account of indicators and their applications is given in the following mono-
graphs :—A. I. Cohn, Indicators and Test Papers , 2nd edition, 1902 ; F. Glaser, Indikatoreu der

Acidimeirie und Alkalimetrie, 190 1.
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The second class forms the transition between the other two ; it

includes indicators which are somewhat sensitive even to weak acids,

but less so than those of the third class, and for this reason there are

often gradual transitions when using them, in titrating, which do not

coincide with the formation of definite compounds. If the weak acids

set free during titration, such as carbonic acid and sulphuretted hydrogen,

are removed by boiling, they act like the first class. Litmus is the

chief representative of this class ; others are phenacetolin, alizarin,

haematoxylin, etc.

Since strong acids, such as hydrochloric acid or sulphuric acid (oxalic

acid has almost gone out of use in alkalimetry), and strong bases are

now universally used as normal solutions, the following conclusions

regarding the use of indicators may be accepted.

The strong mineral acids can be titrated sharply with all indicators,

but most reliably and, in the cold, only with those of the first class
;

with the third and even with the second class, the normal alkalis must be

free from carbonic acid, or the titration must be carried out in the boiling

solution.

Organic acids of medium sti-engtJi (oxalic acid, lactic acid, tartaric

acid, etc.) cannot be titrated with indicators of the first class ; those of

the second class may be used, but it is preferable to employ those of

the third class, the same conditions being observed for the normal

alkalis as above.

Polybasic mineral acids of medium strength (phosphoric acid, sulphur-

ous acid, etc.) cannot be titrated at all with indicators of the second class,

but indicators of the first and third classes may be employed ; different

degrees of saturation occur in their titration, as will be seen below.

]Vcak acids, both organic and inorganic, can onl}' be titrated, if at

all, with indicators of the third class.

The strong bases (hydroxides of potassium, sodium, barium, calcium)

can be titrated sharply with all indicators.

Bases of medium strength (ammonium h}-droxide, amine bases) can

be titrated sharply only with indicators of the first class and a few of

the second, not with those of the third class.

]Veak bases cannot be titrated sharply even with indicators of the

first class, and not at all with those of the remaining classes.

J. Wagner^ rejects the above classification of indicators in favour of

a more scientific one, and divides them into the following groups :

—

A., Indicators with a univalent characteristic ion (i. anion : 2. cathion)

;

B., those with a polyvalent ion (i. positive and negative ion = amphoteric

electroh'tes: 2. univalent and divalent anion or cathion). With A there

are no intermediate colour changes, but these occur with B. Most
indicators belong to the group A. i., only a few to A. 2. and B. 2.

' Z. anorg. C/iem., 1901, 27, 138.
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Methyl orange belongs to group B. i. This classification has not been

generally adopted.

Many investigations on the sensitiveness of indicators have been

carried out, but the results are frequently contradictory, and since the

sensitiveness is so greatly affected b}' various other influences, such as

temperature, dilution, presence of other substances (salts, alcohol, etc.),

no broad and general conclusions can be deduced. The following

remarks include the most reliable deductions.

Only in quite rare instances is it advisable to titrate with solutions

of less than Njio strength, because only very few indicators are sensitive

enough to give a sharp colour change with 1-2 drops of the solution
;

iodo-eosin, in ethereal solution, is sufficiently sensitive to allow of the use

of A7100 solutions.

Even with A" 10 solutions there are differences with the ordinary indi-

cators. In the absence of weak acids (carbon dioxide and sulphuretted

hydrogen) the transition with phenolphthalein or well purified litmus

is distinct, for most e)'es, with a single drop ; with methyl orange, two
drops are necessary. This difference is illusory, however, since in

practice it is seldom possible to completely exclude carbonic acid, and

further, all indicators are less sensitive in hot solution.

With A75 and stronger solutions, the sensitiveness of the three

principal indicators is such that a single drop suffices to bring about the

change of colour ; other indicators are less sensitive.

Kuster and Griiters ^ find that the orange (brownish) intermediate

colour of meth\l orange is always produced with the same h}'drogen ion

concentration, therefore the amount of acid required to effect this is

roughly proportional to the volume of liquid. In 50 c.c. of water, 0-03 c.c.

A710 hydrochloric acid is required to bring about the change of colour
;

in 100 c.c, o-o6 c.c. ; in 200 c.c, o-i2 c.c. Similar]}^, when chlorides are

present (that is, more chlorine ions), more acid is required.

They state further, that the point of neutralisation can be

determined most sharply by conductivity measurements, a method
particularly applicable when precipitates or colorations make the use

of coloured indicators impossible.

Solutions standardised with an indicator for hydroxyl ions, such as

phenolphthalein, are not strictly correct when emplo}'ed with an indi-

cator for hydrogen ions, such as meth}-l orange {cf. p. 60).

Both alcohol and acetone lessen the sensitiveness of indicators, and

the presence of considerable amounts of these substances in solutions to

be titrated should, therefore, be avoided as far as possible ; with

phenolphthalein particularly, they cause great irregularit}-. If an

addition of alcohol cannot be avoided, it is best to make a blank

experiment to find how much acid or alkali is required to produce

^ Z. anorg. Chem., 1903, 35, 454.
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the colour change in pure water containing the same amount of alcohol,

and to allow for this in the titration. Alkaloids have sometimes to be

titrated in strong alcoholic solution ; in such cases lacmoid is the best

indicator.

Neutral salts, which themselves do not alter the colour of the

indicator, usually only affect the transition in titrating, when present in

great concentration ; such excess can as a rule be easily avoided. This

is true more particularly of the alkali chlorides and sulphates, which

are themselves formed in titrations. Lunge and Lohofer^ have shown

that a certain amount of sodium chloride is necessary to get accurate

results in titrating sodium silicate, sodium carbonate, and sodium

sulphate with phenolphthalein, but that if present in large excess, it

acts unfavourably, unless greatly diluted.

Warming often brings about a change of colour, even without the

addition of acid or alkali. If, for instance, sodium hydroxide is added

to sulphuric acid in the presence of methyl orange until a neutral

orange tint is produced and the solution heated, the colour changes to

a distinct yellow, and becomes orange again on cooling ; therefore, in

titrating acid with alkali in hot solution, using methyl orange as

indicator, too little is required, and in titrating alkali with acid, too

much. On the other hand, phenolphthalein in hot solution changes

from red to colourless too soon. With methyl orange, the transition in

hot solution is, as a rule, not sharp, and this indicator should, therefore,

always be used at or only slightly above the ordinary temperature.

Both phenolphthalein and litmus are less sensitive in hot solution

than in cold, or rather the end-point is somewhat different, and due

attention must be paid to this, since it is usually necessary to

boil the solution to drive out the carbonic acid when using these

indicators. For accurate estimations with litmus and with phenol-

phthalein, the solution should therefore always be boiled in the presence

of a slight excess of acid, then allowed to cool, and the titration

completed.

As already mentioned (p. 54), the action of hot solutions on glass

must be taken into account and as far as possible avoided.

Theory of Indicators. The employment of indicators depends upon

the fact that they change colour at a definite point on the addition of an

acid or alkaline solution. This point may coincide with what is

commonly known as " neutrality," but this is by no means always the

case. If solutions of hydrochloric acid and sodium hydroxide are brought

together, the change of colour will, it is true, take place with all indi-

cators in practical use, when one molecule of sodium hydroxide is

present for one of hydrochloric acid, so that the compound sodium

chloride is formed. Since dilute solutions are always used, it is not to

1 Z. angew. Chem., 1901, 14, 1129; also, Kiister, Z. anorg. Chem., 1897, 13, 145.
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be assumed, according to modern views of solution, that only the com-
pound NaCl actually exists in the solution, but rather that the greater

part of it is dissociated into free Na' and CI' ions, just as the sodium
hydroxide was previously, to a great extent, dissociated into Na" and
OH' ions, and the hydrochloric acid into H- and CI' ions. Neutralisation

means rather that there is no appreciable amount of hydrogen ions

Vvhich give the acid reaction, or of hydroxyl ions which give the alkaline

reaction, in the solution, since the H" ions of the hydrochloric acid have

united directly with the OH' ions of the sodium h}-droxide to form

molecules of water.

In the presence of certain colouring matters even the smallest excess

of an acid or of a base, that is, very small amounts of h}-drogen or of

hydroxyl ions, bring about a marked change of colour in one direction

or the other, and the point of neutralisation is thus ascertained.

Ostwald^ was the first to advance a theory of indicators; further

contributions have been made b}' Kiister,"- Waddell,^ Julius Wagner,^

Bredig and Winkelblech,^ Vaillant,'' Rolofif,'' and Stieglitz.*

In regard to the theory of indicators, it will suffice to state that

the indicators are or contain acids, or in some few cases bases, the undis-

sociated molecules of which have a different colour from that of their

ions.'^ Thus the undissociated molecules of the litmus acids are red, the

anions blue, and since these acids are weak, in other words slighth-

dissociated, a mixture of the two colours results in aqueous solution.

On addition of hydrogen ions, that is, acids, the litmus acids become
practically undissociated, the blue anions disappear, and the red colour

of the undissociated molecules appears. To effect this change, however,

a certain minimum concentration of hydrogen ions is necessary, so that

very weak acids such as carbon dioxide and sulphuretted hydrogen have

practically no action ; acetic acid, on the other hand, acts quite dis-

tinctly, unless its ionisation is so much decreased by the addition of

sodium acetate that an insufficient amount of free hydrogen ions remains.

When bases are added, salts of the litmus acids are formed which are

largely dissociated, so that the blue colour of the ions is pronounced.

Phenolphthalein has a still weaker acid character ; its undissociated

molecules are colourless and its anions red. The few free hydrogen ions

present in a solution are so greatly lessened in amount even by the

weakest acids (carbon dioxide, etc.) that the red ions completely dis-

^ The Scientific Foundations of Analytical Chetnislry\ trans, by G. M'Gowan, 2nd edition, 1900.
'- Z. anorg. Cheni., 1897, 13, 127. "/. Phys. Chem. 1898, 2, 171.
» Z. anorg. Chem., 1501, 27, 142. = 2. Electrochem., 1899-1900, 6, 35.
fi Comptes rend.^ 1903, 136, 1912. "' Z. ange-w. Chem., igo2, 15, 594 and 599.
^ J. Amer. Chem. Soc, 1903, 25, 1 1 12.

^ The colour changes of indicators are regarded by some chemists as due to a rearrangement

of the structure of the molecules, rather than to dissociation. C/. A. G. Green and P. E. King,

y. Soc. Chem. Lid., 1908, 27, 4.
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appear and only the colourless molecules are left. Even the neutral

aqueous solution shows no appreciable colour. The smallest trace of a

strong base suffices to remove the hydrogen ions in combination with

hydrox}-l ions and to form a salt, the dissociation of which produces the

red colour of the phenolphthalein anions. With weak bases, on the

other hand, even with ammonium h\'droxide, hydrolysis takes place, so

that the free base and free colourless phenolphthalein molecules are

formed
; in order to obtain a sufficient number of the red ions, more

than the minimum quantity of the base must be added, so that the salt

formation, and consequentl}^ the red coloration, is persistent.

Methyl orange is a fairly strong acid, the undissociated molecules of

which are red and the anions yellow ; so many of the latter are present,

even in a neutral solution, that a mixed colour results. On the addition

of weak, in other words, slightly dissociated acids, the ionisation of

methyl orange is not completely overcome, so that the mixed colour

persists, the more so if a fairly large amount of the salt of the weak acid

is formed in the titration ; the hydrogen ions are then not sufficient to

cause the combination of the yellow anions of meth\-l orange to undis-

sociated molecules. This recombination is brought about, on the con-

trary, on adding very small quantities of strong mineral acids, which are

almost completely dissociated, and therefore yield sufficient hydrogen

ions to render the methyl orange almost completeh- non-ionised, and so

to produce the red colour.

More complicated cases are discussed under the individual indicators.

As a general rule, in titrating the same substances with the same
standard solutions but with different indicators, the results obtained are

not identical, because the changes of colour do not show identically the

same " point of neutralisation "
; more hydrogen or hydroxy] ions may

be necessary in one case than in the other to produce a change of

colour. For example, a solution of h)-drochloric acid which is exactly

one-fifth normal when titrated with pure sodium hydroxide, using

methyl orange as indicator, is not accurately one-fifth normal to phenol-

phthalein, e\en when the titration is carried out in the complete

absence of carbonic acid, with continual boiling and all necessary pre-

cautions. For this reason normal solutions should as far as possible

always be standardised with the same indicator as they are subsequently

to be used with in practice. Even supposing it proved that, e.g., the

true point of neutralisation is obtained more correctly with phenol-

phthalein, all precautions being taken, than with methyl orange, never-

theless a standard acid to be employed subsequently for titrating in the

cold with methyl orange must be standardised with the latter, and

not with phenolphthalein ; accordingly, a substance such as sodium

carbonate, which can be titrated with meth}'l orange, should be employed

for standardising the acid, whereas potassium tetroxalate, which can
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only be titrated with phenolphthalein, ought not to be used if the

standardised solution is to be employed with methyl orange.^

I. Methyl orange.

This indicator is the violet, crystalline /.dimethylaminoazo-

benzene /.sulphonic acid, SOgH.CgH^.N : N.C,5H^.N(CH3).„ or its

yellow sodium salt, which is readily soluble in water. The latter is

sometimes adulterated with dextrin ; if this is the case, it does not

form a clear solution, and should be rejected. The free acid cannot

easily be adulterated, and is to be preferred The sodium salt was

manufactured for some time as a dye under the name of Poirrier's

Orange No. 3, and also under the name of Helianthin ; after it

was recognised that it was useless as a textile d}^e, on account

of its want of fastness, both names were transferred to other

dyes, and for this reason ought no longer to be applied to the

indicator. Lunge, who was the first to introduce it for this purpose,-

suggested the name meth}-l orange, which is now generall}- adhered

to, both for the free acid and for the sodium salt.

Next to litmus, meth\-l orange is no doubt the most widely used

of all indicators, and in many cases it has completely displaced the

former. It is true that it cannot be used in all instances, but in conjunction

with phenolphthalein for certain purposes, it does in fact meet all the

requirements of an indicator for alkalimetry and acidimetr}'.

Methyl orange is to be preferred to litmus also on the score of

expense. According to Thomson's investigations,^ 0-5 c.c. of a solution

containing 0-15 g. per litre is required to give the same reaction as 0-5 c.c.

of a litmus solution, which contains 20 g. of the dry extract in a litre,

corresponding to about 60 g. of good litmus ; the equivalent of i g.

methyl orange is, therefore, 400 g. litmus, i kilo of methyl orange costs

i6s., and i kilo of la litmus, at the price per 100 kilos, 3s. ; inferior kinds

of litmus are nominally cheaper, but, when the colouring power is

taken into account, actually dearer. The 400 kilos of litmus which give

the same result as the single kilo of methyl orange cost, therefore, ^60,

or seventy-five times as much as the equivalent amount of meth}-l

orange. The various " purified " litmus preparations, azolitmin, etc.,

are much more expensive. Phenolphthalein costs 30s. and lacmoid

50s. per kilo.

For use, i g. of pure meth\-l orange is dissolved in i litre of water,

and about two drops of this solution is added in each titration ; this

is sufficient to give a distinct yellow colour. If, owing to dilution during

the titration, the colour becomes too faint, another drop of the indicator

is added. Under no circumstances should too much of the indicator

^ Cf. Lunge, Z. aiigeic. Cheni., 1 904, 17, 199.
- C/iem. Ind., 18S1, 4, 348 ; Ber., 1878, II, 1994. ^ Chem. Keus^ 1SS3, 47,-123.
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be added at the beginning, since the transition is not sharp if the

colour is too deep ; for this reason many prefer to use a more dilute

solution of meth}d orange (about i to 10,000), so that the correct

amount is not so readily exceeded. Methyl orange solutions some-

times become less sensitive when kept for a long time, and should then,

of course, not be used.

It is imperative that the titrations should be made in the cold

solution. In hot solutions the change of colour is only gradual, and

the end-point cannot be recognised with any degree of certainty. If

necessary, a temperature up to 30° is admissible, but it is better to

work at the ordinary temperature.^ According to Glaser,- the

sensitiveness of methyl orange is not affected simply by titrating

in hot solution, but only in the presence of neutral salts. Since,

however, these are always formed in course of titration, the foregoing

statement holds good. Large amounts of alcohol in the solution have

also a disturbing effect. The sensitiveness is also lessened by dilution

of the liquid.

The reddish-yellow colour of the indicator is changed to a pure

}'ellow by alkaline liquids ; this is effected not only by free alkali,

but also by soluble carbonates, bicarbonates, sulphides, silicates, borates

salts of arsenious acid, salts of fatty acids, and in general by the salts

of all weak acids. The addition of a strong mineral acid (hydrochloric

acid, sulphuric acid, nitric acid) to solutions of alkalis or of their salts

with weak acids does not change the colour of the indicator, in spite

of the fact that carbonic acid, sulphuretted hydrogen, or other weak

acid is set free, until just before the formation of the normal salt of

the strong acid, NaCl, Na^SO^, or XaNOs, of course, with the exception

of the colour which appears at the point where the acid comes into

contact with the solution, and which disappears on stirring. Just before

neutralisation, the very faint yellowish colour changes to a deeper

brownish tint, which may be taken as the end-point of the reaction.

On the addition of a further drop of the normal acid, the solution

instantly becomes a decidedly red (carnation red) colour.

Kiister {loc. cit.) has pointed out that even free carbonic acid in pure

water, or solutions of neutral salts of strong acids, turns methyl orange

red. Since, in the titration of carbonates as well as in most other cases

where the work has not been carried out with the intentional exclusion

of carbonic acid, the solution finally becomes saturated with carbonic

acid, the titration should not be stopped at the brownish tint formerly

regarded as the neutral colour, but acid should be added until the solution

is definitely red. As a comparative guide for the colour change, a

solution may be prepared by passing purified carbonic acid through

pure water coloured with two drops of the indicator.

1 C/. Lunge and Maimier, Z. angew. Chem,, 1897, 10, 3. ' Indikatoreii, loc cit., p. 51.
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If this plan is followed, it must not be overlooked that in titrating

acid with alkali, the point of neutralisation will be different from that

observed with the inverse procedure, and it is therefore always

necessary to finish the titration in the same sense as that in which the

strength of the solution was adjusted, titrating back eventually, if

necessary.

Lunge is of opinion that the surest plan is to titrate, in both cases,

until the brownish transition colour appears, and then to test whether

the solution becomes decidedly red or x'ellow respectively on adding

another drop, the last drop not to be included in the titration. The
most trustworthy method would be to subsequently titrate back with

the other volumetric solution until the transition colour again appears,

and to subtract the amount required for this purpose, but this is not

necessary in ordinary daily work.

According to Treadwell,^ the most satisfactory plan is to titrate, in

the cold, until the solution begins to change colour, drive out the

carbonic acid by boiling, and then titrate the yellow solution, after

cooling, until the brown tint reappears ; but this is only necessary for

iV/io acids, whilst with iV/S, JVI2, or Nil acids, the alkali carbonates can

be accurately titrated in the cold, by simply running in the acid until

the yellow colour changes to reddish-orange (brownish). In technical

analysis it is only necessary in quite exceptional cases to work with

acids or alkalis weaker than A75, so that the plan given by Treadwell is

seldom called into consideration.

Lunge states that while carbon dioxide in distilled water does

change the colour of methyl orange to reddish, although by no means
to the same tint as that produced by a trace of hydrochloric acid or

similar substances, yet in a solution of pure sodium chloride of the same
strength as that usually formed in a titration, it gives rise to the brownish

"transition colour," so that it is incorrect to titrate to a distinct red

colour.

When normal or semi-normal acids are used, a single drop suffices,

under all circumstances, to produce a change of colour which can be

recognised with absolute certainty, even in artificial light ; with A'; 5 acid,

even an unskilled worker can, after a few experiments and comparisons

with a standard colour, get results accurate to a single drop, but only in

fairly good daylight or in white artificial light, preferably incandescent

(Welsbach) light or acetylene light. A white surface should always be

placed, not only under the flask in which the titration is being made, but

also from 30 to 50 cm. round it ; this applies to the use of all coloured

indicators. In dull weather, or with ordinary gaslight, the results may
easily be uncertain to one or two drops, and this uncertainty is corre-

spondingly greater with Njio acids; but there is seldom any object in

^ Analytical Chemistry, vol. ii., p. 427.
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working with so weak an acid, even for scientific purposes, and in works'

laboratories they are never used.

Although the change of colour from blue to red with litmus and still

more, that from red to colourless, or conversely, with phenolphthalein,

can be more readil}' recognised than that from yellow to brownish-red

with meth\l orange, these advantages are not appreciable with normal

or semi-normal acids, or even with A' 5 acid ; as accurate results can be

got with meth}-l orange as with the other indicators, after some practice.

Since methyl orange has the ver\- great advantage that the titrations

are carried out at the ordinar\- temperature, any disturbing effect due to

the glass being acted upon is eliminated ; also, the estimation can be

obviousl)' carried out in less time than is required with other indicators

with which boiling is necessary after each addition of acid.

With most other indicators the change of colour is sharper in cold

than in hot solution, and it is therefore a disadvantage, as compared with

the use of meth\l orange, to have to carry out titrations with these in

hot solution ; also, because such titrations should, under no circumstances,

be carried out in glass vessels.

The chlorides and sulphates of the heavy metals such as ferrous

sulphate, ferrous chloride, copper sulphate, cupric chloride, and zinc

sulphate, which are acid towards litmus, arc neutral towards meth}-l

orange.

From the above it is clear that meth}l orange is much to be preferred

to any other indicator for titrating bases, especially total alkali. On
addition of mineral acids it indicates an extremely small amount of

h)-drogen ions, by the appearance of the red colour. It is equally

applicable to the determination of alkali h}clroxides, alkaline earths,

ammonia, carbonates, and bicarbonates (for calcium carbonate and the

like, it is, of course, necessary to add excess of acid and titrate back with

alkali), to silicates, borates, salts of arsenious acid, and to sulphides,

since sulphuretted hydrogen has no disturbing effect.^ The fatty acids

of soaps, etc., are without action, so that the amount of alkali in solutions

of soap can be directly determined by titration.

Aniline, toluidine, and quinoline, which are indifferent towards

litmus and phenolphthalein. behave as bases towards meth}-l orange,

and can be fairh- accurately titrated with this indicator ;
- more accurate

results are obtained, in fact, as accurate as those with ammonia, with

the aliphatic amine bases and with alkaloids in aqueous solution.

Aluminium, ferric, chromic, and zinc salts are neutral towards methyl

orange, so that any content of free mineral acid can be determined,

although only approximatel}'.

Methyl orange is particularly suitable for the estimation of alkalinity

^ Cf. Lunge and Lohofer, Z. aiigeiv. C/iein., 1 901, 14. 1125.

- Lunge, Dingl.polyt.J., 1884, 251, 40 ; Chem. Ind., 1893, 16, 490.
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in water analysis, i.e., of the carbonates of alkalis, calcium, and

magnesium.

As normal acid for the titration of alkaline solutions, hydrochloric

acid, nitric acid, or sulphuric acid may be used, but not oxalic

acid.

Methyl orange is, further, the best indicator for titrating the strong

ini^ieral adds, hydrochloric, nitric, and sulphuric ; the titration is

continued until the red colour gives place to the brownish mixed

colour. As standard solutions, sodium or potassium h\-droxide, which

need not in this case be guarded from the absorption of carbon dioxide,

or sodium carbonate may be used ; the sensitiveness is not quite so

great when the carbonate is emplo)-ed. Bar}-ta water may naturalU'

also be used, although there is no object in doing so in this case.

Since the transition from red to brownish is not quite so marked for

man)' people as the inverse change, the addition, in doubtful cases, of

a drop of normal acid to bring back the red colour may be used as a

check.

TJiiosulpJiuric acid behaves in the same way as the above strong

mineral acids.

]\Iethyl orange cannot be used for the titration of organic acids,

whether strong (oxalic acid, tartaric acid, citric acid) or weak (acetic

acid, etc.); in these cases the colour change is only gradual, and takes

place before complete neutralisation.

Some mineral acids of medium strength behave peculiarly. With
sulphurous acid, the change of colour with meth}l orange takes place

when the reaction SO., + NaOH = NaHSO., is just completed, and

corresponds to the formation of the acid sulphite.^ Therefore i c.c.

of Nji sodium hydroxide indicates, not one, but two equivalents

(i molecule) of SO., = 0-06406 g. Inversely, normal sodium sulphite

can be titrated with hydrochloric acid according to the equation

Na.,S03+HCl = NaHS03+NaCl. The colour change takes place with

phenolphthalein on completion of the reaction S02+ 2XaOH =

Na^SOa+HgO, so that in this case i c.c. N[\ sodium hydroxide is

equivalent to 0-03203 g. SO.,. Litmus gives intermediate values, and

so cannot be used in this case."-

The thiosnlphatcs are neutral to methyl orange, so that sodium

thiosulphate does not react with it, while, on the contrary, normal

sodium sulphite is alkaline, and the acid sulphite, neutral.

The tribasic acids, phosphoric acid and arsenic acid, give a neutral

reaction with methyl orange when one of the hydrogen atoms is

saturated, corresponding to the formation of the compound NaHoPO^,

' Lunge, Dtngl. polyt. J., 1883, 250, 53° ; Z. angew. Chem., 1890, 3, 563.

~ Cf. Lunge, loc. cit. ; Thomson, Chem. News, 1883, 47, 123 and 184 ;
Blaiez, Comfies rend.,

1886, 103, 69.

E
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etc. ; they behave in this case as monobasic acids, whilst they are

dibasic towards phenolphthalein, that is, the change of colour takes

place on the formation of Xa^HPOi, etc. Litmus gives indefinite results.

Therefore, phosphoric acid and arsenious acid, like sulphurous acid,

may be titrated with methyl orange as well as with phenolphthalein,

but the alkali has double the saturation value with the former indicator

that it has with the latter.

The behaviour of nitrous acid towards methyl orange is specially

to be noted. The colouring matter is gradually destroyed by free

nitrous acid, but small amounts, such as occur in chamber acid and in

other commercial sulphuric acids, have scarcely any disturbing effect

on the titration. In titrating nitrous vitriol or ordinary nitric acid

containing oxides of nitrogen, on the other hand, the colour of the

indicator disappears during the operation. This difficulty can, however,

be very readily overcome in two ways. The indicator may either be

renewed during the titration, or added only just before neutralisation,

or else normal sodium hydroxide ma\- be added in excess, then the

indicator and the solution titrated back with normal acid. In other

respects nitrous acid behaves towards methyl orange like the strong

mineral acids ; that is, sodium nitrite has a neutral reaction, and one

molecule of nitrous acid is saturated by one molecule of sodium

hydroxide.^

Alumina stands midway between acids and bases. Aluminium

sulphate is neutral to methyl orange, but alumina itself (/;/ statu

nascendi) behaves as a base. In titrating sodium aluminate, either by

itself or as a constituent of impure sodium carbonate, the change of

colour of methyl orange onl\- occurs when all the sodium carbonate

and all the aluminate has been changed to normal sulphate. Suspended

or colloidal dissolved aluminium hydroxide reacts only slowly and

incompletely, in the cold, and the titration should be carried out at

about 40°, the change of colour taking place when the alumina has

been converted into A1.3(S04)3.- The Xa^O can thus be determined in

sodium aluminate by first titrating with normal acid in the presence

of phenolphthalein (which is indifferent to alumina), and then the

alumina with methyl orange.

Methyl orange can sometimes be used in conjunction with a second

indicator, e.g. phenolphthalein, to estimate different constituents in

one and the same solution, as in the analysis of sodium aluminate.

Thus, the amount of sodium carbonate in caustic soda can be

determined with sufficient accuracy for technical purposes, by titrating

first with phenolphthalein till colourless and then with methyl orange

^ Lunge, Z. angew. Chem., 1 903, 16, 59.
''

Cf. Cross and Bevan,/. Soc, Chem,Ind., 1891, 10, 202
;
also, Lunge, y. Soc, Chem. Ind.^ 1891,

10, 314-
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till the red colour appears ; the first indicator gives all the sodium

hydroxide and half the sodium carbonate, corresponding to the

formation of NaHCO.,, the second giv-es the other half of the

carbonate.^ In the analysis of soap solutions Filsinger and Eisner

first determine the sodium combined with fatty acids, with normal acid

and methyl orange and then the sodium chloride with silver nitrate,

in the same solution, using potassium chromate as indicator.

A mixture of meth)-l orange and phenolphthalein is coloured red both

by acids and bases, but retains its clear }'ellow colour in neutral solutions.-

The mother substance of methyl orange, dimethylaminoazobenzene,

which is soluble in alcohol, has been recommended by B. Fischer and

Philipp" instead of methyl orange; according to both Lunge ^ and

Thomson,'' it offers no advantage over the latter, and is less sensitive ;

'"'

this is also true of the ethyl compound (ethyl orange), which has been

preferred by some to methyl orange.

2. Litmus.

Litmus is supplied in small bluish cubes, which contain the actual

colouring matter, the blue potassium salt of the red azolitmic acid,

mixed with varying amounts of calcium carbonate, gypsum, etc.,

and sometimes adulterated with indigo. Litmus usually contains

4 to 5 per cent, of the actual colouring matter.

The general method formerly used in making litmus solution

consisted simply in pouring distilled water over the cubes (preferably

without grinding them), pouring off the first extract, which contained

excess of potassium carbonate, and using the subsequent extracts. As
this solution required a fairly large amount of acid to change the blue

colour to the neutral violet tint, it was customar\' to divide it into two

equal parts, and to add hydrochloric or, other strong acid carefully to one

half until it became distinctly red (brick-red) and then mix it with the

other half; the mixture was of a violet to wine-red colour and sensitive

both to acids and alkalis.

Attempts have been made to overcome the defects of the solution

prepared as above, especially its lack of sensitiveness, by various

improvements ; they all add, however, to the cost of an initially

expensive indicator, and have accordingly not been adopted in technical

laboratories. According to Mohr-CIassen,^ the litmus cubes should

first be boiled three or four times with 85 per cent, alcohol, to remove a

foreign colouring matter. The first aqueous extract is also to be

^ Cf. Lunge, Z. angew. Chem., 1897, 10, 41.

- Gavvalowski, Zeit. anal. Chem., 1883, 22, 397,
3 Arch. Pharm., 1885, 23, 434. '

J. Soc. Chem. Ind., 1887, 6, 196.
• Ber., 1885, 18, 3290, •> Lunge and Marmier, Z. angew. Chem., 1897, 10, 3.

' Lehrbuch der chemischen analytischen Titrirmethode, 7th edition, 1896, p. 75.
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rejected and hydrochloric acid added, drop by drop, to the subsequent

extracts until they assume a violet colour. The most sensitive solution

is prepared by first adding an excess of dilute sulphuric acid, boiling

to expel carbon dioxide, and then adding bar\-ta water, drop by drop
until a violet colour is produced.

Liittke^ recommends treating the aqueous extracts with h\-dro-

chloric acid and then removing the latter by dialysis. According to

Stolba, the colouring matter should be transferred to linen and washed,

then extracted with alkaline water and the solution neutralised

with acid. Reinitzer- states that only certain kinds of commercial

litmus can be used for analytical purposes. These should be ex-

tracted with water and concentrated hydrochloric acid added, drop

by drop, to the boiling solution until, after seven to eight minutes'

boiling, a distinct red colour is obtained. The solution is then allowed

to cool and an equal volume of strong alcohol added.

A specially pure litmus colouring matter, soluble in water, has been

introduced under the name of Azolitmin ; it is scarcely more sensitive

than good litmus solution, and is too expensive for use in works.

According to Bockmann, no plan in which too much colouring matter is

lost can under an}' circumstances be used technically, since a single

works may often use ico-150 kilos of litmus.^

Litmus solution spoils when kept in closed vessels, doubtless owing
to the development of anaerobic microbes. It

can, however, be kept good as long as desired

by allowing free access of air, which may be

done by keeping it in bottles which are not quite

filled, the entrance of dust being prevented by
a loose cap or by a pellet of cotton wool. The
most convenient plan is to provide the bottle

with a loosely fitting cork, in which a small

pipette, for taking out any desired quantity of

solution, is inserted (Fig. }^y'). The same method
of storage, but using a well-fitting cork, is also

strongU' to be recommended for other indicators.

Since there is no objection to keeping litmus

solution with access of air, addition of phenol

and similar substances is unnecessarj'.

Properl}' prepared litmus solution, provided it

is neutral, is an excellent indicator for bases, which change the violet

colour to blue, as well as for strong acids, which give a pure red (yellow-

red) colour. If the solutions in question are absolutely free from carbon

' Cf. Lehrhuch der chemischen analytischen Titririnef/iode, 7th edition, 1896, p. 97.

- Z. angew. Chem., 1894, 7, 547.

^ For a special method of preparing litmus soltition, cf. Forster, Z. anal. C/iem., 1889, 28, 428.

Fig. 37.



LITMUS 69

dioxide, free alkalis can be titrated with acids and free, strong acids with

bases (potassium, sodium or ammonium hydroxide), with the greatest

accuracy. Reinitzer has shown that the greatest sensitiveness is

obtained with litmus, as is the case with methyl orange, by titrating in

the cold—a condition, however, which is not readily compatible with

the complete absence of carbon dioxide, which is necessary with this

indicator. Lunge i has shown that the statement of Reinitzer, that

litmus is eight times as sensitive as methyl orange, is greatly

exaggerated ; under the most favourable circumstances the sensitiveness

is only double that of methyl orange, and the advantage of this greater

sensitiveness only arises in exceptional circumstances, under the ordinary

conditions of work.

Besides the three mineral acids, sulphuric, hydrochloric and nitric,

oxalic acid also gives an equally sharp end-reaction with litmus. It is

in all cases advisable to titrate until a distinct blue colour is produced

and not to stop at a violet coloration, because the transition from red

to violet is not sharp, whilst that from violet to blue can be determined

to a single drop.

Litmus behaves quite differently towards weak acids. Carbo?iic

acid causes a pale port-wine red tint which renders the transition from

the blue, produced by alkalis, to the clear red produced by acids,

indistinct. The direct titration of alkaline carbonates cannot therefore

be carried out in the cold, but the solution must be heated to boiling

as soon as it turns red ; if it becomes blue again, as is generally the case,

more acid must be added and the liquid again boiled, and this must be

continued until the colour is permanent and distinctly red. This

makes the operation very tedious. The whole titration should be

carried out in the boiling solution, were this possible, but for obvious

reasons the burette cannot well be fixed above the boiling liquid itself.

Since every kind of glass, even the so-called "resistance glass" and hard

Bohemian glass, give up alkali to boiling alkaline liquids, porcelain

vessels should be employed for the titration ; but in using them, it

should not be overlooked that on continued boiling in basins, small losses

by spurting may readily occur without being noticed.

Reinitzer has shown that litmus is much less sensitive in hot than in

cold solutions ; also, that even lime water and bar\ta water, as well as the

aqueous litmus extract itself, contain sufficient carbonic acid to cause

inaccurate results on titrating in the cold.

For the above reasons, recourse must be had to an indirect method
for titrating carbonates, if accurate results are desired. This is attained

by adding an excess of standard acid, boiling the solution to drive out

all the carbon dioxide, and then titrating back with standard alkali

;

the standard alkali must be free from carbon dioxide, and the absorption

^ Z. angew. Chein., 1894, 7^ 733'
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of carbon dioxide during cooling and titrating must be avoided.

Reinitzer has suggested that the tooling should be accelerated by
means of a jet of water, but this is scarcely practicable with porcelain

basins and is likely to cause breaking with most kinds of glass. In

the majority of cases it is preferable to titrate the solution whilst hot,

even at the expense of some loss in sensitiveness.

Since the omission of any of the above precautions does away with

the greater sensitiveness of the reaction with litmus, and since the

necessity of boiling the solution leads to great loss of time, it is not

surprising that litmus, which was formerly in general use for the

titration of carbonates, has been to a very large extent discarded in

favour of methyl orange. Phenolphthalein is open to exactly the same
objections as litmus and has accordingly in no way replaced it.

Siilphiiretted hydrogen destroys the colouring matter of litmus ; in

estimating sulphides, therefore, it is necessary to add excess of acid,

boil and titrate back with alkali.

Boric add, phospJioric acid, etc., do not give a sharp end-reaction,

and the same is true of sulphurous acid [cf. methyl orange, p. 65), so

that the salts of these acids cannot be titrated with litmus ; on the

other hand, silicates give a good end-reaction, as the precipitated silicic

acid has no action on litmus.

Weak bases, such as aniline, quinoline, and man)- alkaloids, have no

action whatever on litmus.

It is much more difficult to recognise the change of colour with

accuracy in artificial light than in da}-light. The suggestion to titrate in

monochromatic light (sodium flame) cannot be regarded as practicable.

To summarise, litmus can be used very satisfactorily for the titration

of free, strong acids, but if great accurac)' is required, the titration must

be made in the cold and with alkalis (sodium and potassium h}-droxides,

ammonia, bar}-ta water) free from carbon dioxide. The material of

the vessel in which the titration is done is then not of much importance.

But even in this case litmus is only preferable to meth)-l orange when
X 10 alkalis arc used, which is very seldom the case in practice and if

the precautions with regard to the exclusion of carbon dioxide are

carefully observed throughout the whole operation. This is, however,

very difficult, as even baryta water may contain sufficieiit carbon dioxide

in solution to make the end-reaction quite inaccurate.

Litmus cannot be used for the titration of salts of sulphurous, boric,

and phosphoric acids.

Litmus ma\- be used for the titration of carbonates, but is by no

means to be specially recommended. It can only be used if the

carbon dioxide is driven out b\' continued boiling, and even then an

accurate result is onl}- obtainable if the instructions given above are

followed.
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3. Phenolphthalein.

Phenolphthalein is a triphen}'lmethane derivative, being the

anhydride of dihydroxy-triphen}! carbinol-carboxylic acid, and has

the structural formula

—

/C,H, . OH
C—CgH, . OH
^CgH, . CO . O

It was introduced as an indicator by Luck.^ It is a white crx'stalline

powder, melting at 150', sparingly soluble in water but readily in alcohol.

It is used in i per cent, solution of 90-95 per cent, alcohol, about two

drops being added for each titration ; an excess is not harmful, as is the

case with methyl orange. The colourless solution of phenolphthalein

is reddened by h)-droxyl ions, that is, even b\- the smallest trace of an

alkali h}-droxide, and on this account it is one of the most sensitive of

indicators ; its use is, however, very greatly restricted, owing to its

being too sensitive to the weakest acids, more particularh' carbon

dioxide, which decolorise the red alkaline solution, just as strong

acids do.

The transition from red to colourless, produced by acids, is not so

delicate as the inverse change, which is very distinct even in artificial

light.

Phenolphthalein cannot be employed for the titration of ammonia,
nor in the presence of ammonium salts ; also, it cannot be used if any
considerable amount of alcohol is present {cf. p. 57).

The real utility of phenolphthalein is, exclusive of its use as a

qualitative test for alkalis and alkaline earths, in the titration of

the zi'caker acids, from chromic acid and oxalic acid down to

acetic acid. Methyl orange is quite useless in these cases, and litmus

is less sensitive. It is preferable to use barium hydroxide solution for

the titration, adopting all necessary precautions; if potassium or sodium
hydroxide is used, they must be quite free from carbon dioxide,

otherwise the estimation is altogether inaccurate. It is not always

possible to titrate in hot solution so as to exclude carbon dioxide, e.g.,

with acetic acid, on account of its volatilit}-, nor with citric acid, etc.,

according to Thomson, since when heated, in solution, a normal salt

alkaline to phenolphthalein is formed, so that inaccurate results are

obtained. The fixed organic acids can be titrated with sodium
hydroxide containing a little carbonic acid, if the estimation is made
in the boiling solution ; this is best done by adding a slight excess of

the alkali, boiling until the solution has become permanently red,

and then titrating back with standard acid.

^ Z. anal. Chem., 1877, 16, 3202.
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This operation is always tedious, and there is no object in adopting

it for the titration of strong mineral acids or alkalis, which are so much
more conveniently titrated with methyl orange in cold solution.

The point of neutralisation is reached with phosphates and arsenates

when the compounds Na.jHPO^ and NaoHAsO^ are formed; with

sulphites the normal salt is neutral towards phenolphthalein.

The red phenolphthalein solution is decolorised by a number of

substances which are very weakly or scarcely perceptibly acid towards

litmus, such as boric acid, arsenious acid, potassium bichromate, and

even gum arable.

Boric acid can only be accurately titrated with phenolphthalein in

the presence of glycerine;^ chromic acid can be very accurately esti-

mated with this indicator, the change of colour taking place on the

formation of K^CrO^.

For the estimation of the Jiydroxides of the alkalis and alkaltJie

earths, phenolphthalein is undoubtedly the best and most sensitive

indicator, if these are present alone in solution and free from carbonate
;

as far as the alkalis are concerned, however, this is seldom the case in

practice. In the presence of alkaline carbonates, the formation of

bicarbonates must be taken into acount (cf infra) ; with the alkaline

earths, the carbonates of which are practically insoluble in water, it is

possible, according to C. Winkler (confirmed by Kiister and Lunge, cf.

infra), by the careful addition of h}'drochloric acid, to strike the point

when all the calcium or barium hydroxide is just saturated. The small

amount of carbon dioxide which is set free from the carbonates by the

next drop or two of standard acid, decolorises the phenolphthalein and

shows the end of the reaction. This method can also be adapted for

the estimation of alkali carbonates in the presence of alkali hydroxides

by adding chloride of barium in excess to the solution, all the carbonic

acid being thus combined with the barium ; this is, in fact, the most

accurate method for the purpose, but the hydrochloric acid must be

added slowly to the mixture, drop by drop, with continual thorough

stirring or shaking.

For the titration of alkaline earbonates, a distinction must be made
between titrating in hot and cold solution. In hot solution, carbon

dioxide is removed, and accordingly phenolphthalein acts exactly like

litmus, but the solution requires longer boiling. The change of colour

is much more striking than with methyl orange and the sensitiveness is

also theoretically greater, but the necessity of long boiling makes the

advantage, with regard to sensitiveness, quite illusory when glass vessels

are used, owing to the unavoidable action of the hot solution on the

latter ; also the titration takes much longer than with meth}'l orange.

There is, therefore, no object in using phenolphthalein in this case.

^ Z. angew. Chem., 1896, 9, 561 ; 1897, 10, 5 ; 1902, 15, 733.
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In the cold, so long as the carbon dioxide formed by the reaction

Na,,C03+ 2HCl = 2NaCl + COo+H,0, has more than sufficient sodium

carbonate at its disposal to form bicarbonate, the red colour persists
;

when, however, it is all changed to NaHCOg and free carbonic acid is

formed, the colour disappears, since it is destroyed by free carbon dioxide.

It was formerly supposed that this method could be used directl)- for deter-

mining the amount of alkali in normal carbonates,^ each equivalent of

normal acid of course indicating two equivalents of alkali (NaoCO.^-|-

HCl = NaCl+ NaHC03), and the reaction is still made use of, especially

for estimating sodium carbonate in presence of sodium hydroxide, by

first titrating with phenolphthalein till the solution becomes decolorised,

when all the hydroxide and half the carbonate are saturated, and then

either completing the titration in boiling solution, or, more conveniently

{cf. p. 66), by adding meth\'l orange and finishing the titration cold.

The result of the second titration, multiplied by two, gives the amount of

NaXOs originally present; the amount of NaOH is obtained from the

difference between the first and second titrations.

It has been shown by Kiister- that this estimation is not quite

accurate, and he has given an explanation of his results, based on the

electrolytic dissociation theory. Lunge ^ has shown that the method

is sufficiently accurate for the estimation of a small quantity of sodium

carbonate in the presence of much sodium hydroxide, e.g., in caustic

soda {cf. p. 66), but not for much carbonate, with a small quantity of

hydroxide. This point was subsequently more accurately investigated

by Lunge and Lohofer.-* It was found that, as previously shown by

Kiister, the titration gives results nearer the correct value if sodium

chloride is added, the introduction of ions of the same kind hindering

the ionisation of the sodium carbonate ;
if the solutions are not too

concentrated, results accurate to o-i c.c. are obtained if the ratio of

sodium chloride to sodium carbonate is at least i-75 to 0-5 molecules.

This holds with increasing amounts of sodium chloride, but when ten

molecules and upwards are present for 0-5 molecule of carbonate, it is

found that too little h}'drochloric acid is used, which is in accord with

the ionisation theory. This explains why, in the titration of caustic

soda—that is, a large quantity of hydroxide and a little carbonate—the

latter can be accurately estimated by Warder's method, since in this

case a sufficient amount of sodium chloride is formed from the

hydroxide, before the action of the hydrochloric acid on the carbonate

begins.

Lunge has recently found that, in order to get accurate results, it is

not only necessary to observe the above condition (excess of sodium

chloride), but that the titration must be carried out in as concentrated a

1 Warder, Amer. Chem. J., iSSi, 3, 55. ^ Z. angew. Chem., 1897, 10, J.I.

- Z. anorg. C/iem., 1897, 13, 141. * Ibid., 1901, 14, 1125.
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solution and at as low a temperature (little over o") as possible ; all of

these conditions diminish the ionisation of the sodium carbonate.

Further, the titration must be done rapidly, so as to avoid escape or

absorption of carbon dioxide.

The estimation of sodium carbonate in the presence of sodium

bicarbonate, using phenolphthalein as indicator, is carried out in the

same way. The titration is done in the cold until the solution becomes

decolorised, which takes place when half the carbonate present is

changed into bicarbonate ; the liquid is then heated to boiling, and

titrated till the colour again disappears. The number of c.c. of acid

required for the first decolorisation, multiplied by 2, gives the amount
of carbonate present, and the difference between this and the total c.c.

required gives the number of c.c. corresponding to the bicarbonate.^

A simpler plan is to carry out the first titration in the cold solution with

phenolphthalein, and the second likewise in the cold, after the addition

of methyl orange.

Thomson, and subsequently Lunge and Lohofer, have shown that

sodium silicate cannot be titrated alone, with phenolphthalein as

indicator, with any degree of accuracy ; the change of colour is gradual

and cannot be sharply determined, and it always takes place long

before the completion of the reaction Na.,Si0.3+2HCl = 2NaCl + H.,SiO;j.

Sharp results are obtained, however, in accord with this equation if

much sodium hydroxide is present, from which sodium chloride can be

formed, or if sodium chloride is added directly, apparently because

sodium silicate is hydrolytically dissociated and acts towards phenol-

phthalein as a weak acid as long as it is present as hydrosol ; but in

presence of sodium chloride, the silicic acid passes into the hydrogel,

and has then no action on phenolphthalein.

Titration with phenolphthalein in alcoholic solution has been studied

by Hirsch- and by Schmatolla.^

Potassium or sodium sulphide can be titrated with acid in the presence

of phenolphthalein. The colour disappears when half the sodium has

been changed to NaHS, so that the relations are completely analogous

to those with carbonates :

—

HCl + Na,,S = NaHS + NaCl.

Aniline, toluidiue, quinoline, and most alkaloids ha\'e no action on
phenolphthalein, and their salts can therefore be titrated with normal

sodium hydroxide like free acids.

Thomson'* has collected many of the above facts in the following

table (altered in some particulars by Lunge). The figures give the

number of hydrogen atoms, in the acid molecule, replaced by sodium

' Cf. Kijipenbeigcr, Z. angew. Litem. ^ i894' 7' 495- ^ llnd.^ 1902, 35. 3905.
- Ber., 1902, 35, 2374. »/. Soc. Cliem. InJ., 1887, 6, 198.
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when the solution becomes neutral ; cases in which the end-point cannot

be sharply recognised with the indicator are represented by a line in

the table.

Table of the Basicity of Acids towards different Indicators in

titrating with Sodium Hydroxide.

Acids.
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of test paper, to detect the presence of neutral chromate mixed with

acid chromate (litmus paper cannot be used for this purpose.) It is use-

less for titrating organic acids, and cannot be used in presence of nitrous

acid or of sulphuretted hydrogen.

According to Messner,^ lacmoid is the best indicator for titrating

cinchona alkaloids in alcoholic solution.

Blue lacmoid paper is also distinctly blue in artificial light, whilst

litmus paper is violet ; the former is scarcely more sensitive than the

latter. Red lacmoid paper, which must be protected against access of

air, is more sensitive than red litmus, and retains its colour better.

Various azo-dyes behave like methyl orange, but are all inferior to it.

Reference has already been made to dimethylaminoazobenzene, and

ethyl orange (p. 67). Tropdolin OO (orange IV., diphenylamine orange)

was recommended by von Miller - even before the introduction of method

orange. Like methyl orange, it is turned red by the stronger acids and is

not altered by carbonic acid ; it is, however, so much less sensitive than

methyl orange that is must be regarded as quite useless for work of

any degree of accuracy. DiaininoazotolnenesulpJiotiic acid, described by

Troeger and Hille,^ seems to act very similarly to methyl orange.

Rubrescin is a new indicator discovered by Rosenfeld and Silber.* It

is prepared by melting together 50 g. resorcinol and 25 g. chloral

hydrate in an oil bath at 160°, the powdered mass being purified by

treatment with warm chloroform. The indicator has a strongly acid

character, and is much more sensitive towards alkalis than phenolphtha-

lein ; one drop of 7V/io sodium hydroxide in 100 c.c. of water retains its

red colour with this indicator for an hour, whilst the red colour of

phenolphthalein disappears in a few seconds under the same conditions.

With borax and sodium carbonate it is equally sensitive. If the colour

is not very intense it disappears on addition of acid, if of greater intensity

it changes to yellow.

lodo-eosin, also known commercially as erythrosin or pyrosin, is

tetraiodofluorescein. It is not used in ordinary alkalimetry, but for the

detection of very small amounts of alkali, as, for example, that dis-

solved from glass by the action of water.'' A solution of 2 mg. in

1000 c.c. of carefully purified ether containing a little water, is used ;
10-

20 c.c. of the solution is added to 50-100 c.c. of the solution to be tested

and the mixture shaken. In the presence of free alkali the lower layer

becomes red ; the colour disappears on addition of acid. This indicator

may also be used colorimetricalh', and is particularly suitable for the

estimation of alkaloids. According to Gliicksmann," it is indifferent

towards carbonic acid.

1 Z. angew. Chem., 1 903, 16, 449. ^ Client. Zeil. AV/i., 1902, 26, 130.

- Ber., 1878, II, 460. ' Mylius and Forster, Z. anal. Chein., 1S92, 31, 24S.

'^ J.prakt. Chem., 1903 [3], 68, 297. " Chem. Centr., 1902, II, 476.
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Ferric salicylaie is recommended by J. Wolf as an indicator for strong

acids, in the presence of boric acid, and thus permits of the subsequent

determination of the latter. On saturation with sulphuric acid, the

violet colour changes to an alizarin orange. According to Lunge,^ this

indicator is in no way superior to meth\-l orange.

Congo red is turned blue by acids
; the red colour is restored by

alkalis. Free carbonic acid colours it bluish-violet, acid salts have no
action, so that it might be employed, e.g., for estimating free acid in

aluminium sulphate. Although this indicator was at first regarded as

of considerable value, it was soon found to be useless for most purposes
and not very sensitive. According to Thomson,"- it is unreliable,

both because the change of colour is not sharp and because the

uncertainty of the end-point is increased by the presence of salts,

such as sulphates, chlorides, and nitrates of the alkalis; also, it is

less sensitive for the detection of free acid than all the other indi-

cators that are suitable for this purpose. The former opinion, that

Congo red test paper is as good as or even preferable to litmus paper,

has been similarly disproved. Congo red cannot be used in hot solu-

tion, nor in the presence of nitrous acid, nor for the titration of weak
acids.

Para-nitrop/ienol has been recommended b}- mian\- workers, especially

by Spiegel,^ in place of methyl orange. It has a yellow colour in

alkaline solution, which disappears on neutralisation with strong acids.

It is only slightly acted upon by carbonic acid, but distinctly more so than
methyl orange;'* Glaser (p. 55) therefore includes it among indicators

of the second class. For this reason it is by no means so useful as

methyl orange ;
further, the disappearance of the \-ellow colour or its

first appearance takes place so gradually that it can only be observed
with accuracy by a quick e\-e in clear daylight, and then only with

considerable effort. According to Glaser, it can be used advantageously
for indicating the continued alkaline reaction after the addition of soda,

etc., to the water in a steam boiler, because, unlike other indicators, it

is not decomposed even at 1
50^.

Goldberg and Xaumann-^ obtained better results by using a fairly

large amount of the indicator; they confirm its sensitiveness to carbonic

acid, however, as well as the observation that the change of colour is

much more difficult to recognise than with methyl orange.

Ortho-nitropheuol is, according to Lunge," less useful than the para-

compound.

Tincture of Cochineal, when properly prepared, is, according to

1 Z aiignv. Cht'in., 1904, 17, 203. "- /. Soc. Chem. hid., 18S7, 6, 175.
^ Ber.^ 1900, 33, 2640 ; Z. angew. Client., 1904, 17, 7 1 5.

^ Lunge, Z. angeu: Chem., 1903, 16, 560; 1904, 17, 202.

' Z. angeu: Chetn., 1903, 16, 644. « ////(/., 1904. 17, 202.
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Dupre,^ almost as sensitive as phenolphthalein ; it is but little affected

by carbon dioxide.

Indicators of tJic third class

:

—
Turmeric is only of importance as a test paper. The yellow paper

is turned red-brown by alkalis, but it is much less sensitive than litmus.

It is of practical value for the titration of dark-coloured solutions of

organic acids for which other indicators cannot be used, and in the

detection of boric acid.

Poirricrs blue, C 4B, would fill a great blank, if it could be more

generally employed.- Its colour is altered even by the very weakest

acids, which have no effect on any of the other indicators. Borax,

which is alkaline to all other indicators, has an acid reaction to

Poirrier's blue, which only disappears on complete neutralisation of

the boric acid. In the same way, monohydrogen salts of phosphoric

acid, which are alkaline to litmus and methyl orange and neutral to

phenolphthalein, give an acid reaction, and in this case also the

change of colour only takes place on complete neutralisation of the

phosphoric acid. Arsenic acid behaves in an exactly analogous way.

It has been proposed to use this indicator for the determination of alkali

hydroxide in the presence of alkali carbonate, but since this is only

practicable in concentrated solution, with any degree of accuracy, on

account of the great irregularity due to the h)-drol}sis of the indicator,

it is no real value for this purpose.

It is evident from the above that different indicators not infrequently

give different reactions with one and the same substance. Thus, neutral

potassium chromate and sodium acetate are neutral to phenolphthalein,

weakly alkaline to litmus and turmeric, whilst the latter is acid to

Poirrier's blue. Monohydrogen salts of phosphoric and arsenic acid,

which are alkaline to litmus and methyl orange, are neutral to phenol-

phthalein, and acid to Poirrier's blue. Borax is acid to Poirrier's blue,

but alkaline to all other indicators. Boric acid, which turns turmeric

paper red, similarly to alkalis, has no action on methyl orange, so that

the acid can be titrated with borax solution, using methyl orange as

indicator. Urine, which is usually acid to litmus and phenolphthalein,

is strongly alkaline to lacmoid. I'resh milk, which gives a neutral

or amphoteric reaction with litmus, is distinctly alkaline to lacmoid

and distinctly acid to phenolphthalein.

The sensitiveness of the more important indicators has been deter-

mined by precise physical methods both by FriendenthaP and by

Salm.4

^ Private communication to Prof. Lunge.

- Engel and Ville, Comptes rend., 1885, 100, 1073 ;
Engel, Z. anal. Chem., 188S, 27, 30.

" Z. Electrochem., 1904, 10, 1 1 3.

"* Ibid., 1904, 10, 341 ; Z.physik. Chein., 1906, 57, 471.



TEST PAPERS 79

Test Papers.

These are ordinarily employed for indicating the acidic or basic

character of a liquid, and for this purpose are made, conversely,

either weakly basic or acidic. Fine white writing paper is usually

prescribed for their preparation (Mohr), because a drop of liquid

placed on it does not spread too much. According to Glaser, filter

paper is preferable for use with solutions which are coloured or which

contain salts, which disturb the reaction, since in such cases the drop

spreads out, leaving the colouring matter or salt in the centre, and a

sharper reaction is obtained at the edge. Paper used for this purpose

must previously be well washed and dried.

When writing paper is used, the solution of the indicator is spread

on it, whilst filter paper is saturated by dipping it into the solution
;

the paper is dried by hanging it up in an atmosphere free from acid

and ammoniacal vapours. Papers prepared with indicators of the first

class are most suitable for weak bases, with those of the third class for

weak acids ; for strong bases and acids they are all equally sensitive.

Glaser gives the following table, showing at what dilution the acid

or alkaline reaction just ceases to be noticeable :

—

Yellow Methj'l orange paper

Congo Red paper .

Blue Lacmoid paper

Red Lacmoid paper
Blue Litmus paper .

Red Litmus paper .

Violet Azolitmin paper
Turmeric paper
Phenolphthalein paper

Sulphuric
Acid.

tttVu A'

Tuhni A'.
1 A''

J— A1

Sodium
Hydroxide.

—V- N.2 U U " •

so^o A'-

1. . A/uouu ' •

Wtttt M

Ammonium
Hydroxide.

1 A'

r«V«A^.

He states, however, that the sensitiveness may, in individual ca.ses,

be very different from the figures given above, owing to the method of

preparation of the test papers.

Test papers are mostly used for the qualitative detection of acids or

bases ; for quantitative purposes they are used only with coloured

liquids, or with such as destroy indicators.

Test papers should always be kept in well-closed vessels, and

protected from light, either in tightly fitting wood or metal boxes, or

in glass bottles covered with black paper ; they are soon spoiled by
moisture.

Litmus paper, blue, red, and violet (neutral), is by far the most widely

used test paper. To prepare it, purified litmus solution {cf. pp. 67-68),

or a solution of azolitmin (o-i g. in 100 c.c.) is used. These should
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colour the paper a faint blue ; if not, a trace of alkali may be added to

the solution. For red paper, a trace of acid is of course added, and the

neutral paper is prepared from a mixture of the two solutions. A
sample should always be made and dried in order to be sure of the

right colour, since a paper which is violet when wet becomes blue on

drying. Neutral azolitmin paper is used for titrating weak acids.

Both yellow and red nictliyl orange paper is used. The yellow,

prepared directly from methyl orange solution, should only be faintly

coloured ; it is employed for the detection of free mineral acids in the

presence of weak acids, e.g., free sulphuric acid in acetic acid, aluminium

sulphate, zinc sulphate, etc., and in the titration of pyridine. The red

paper, prepared with an acidified solution of the dye, can be used for

the detection of bases, but it is not very sensitive.

Colourless phenolpJitJialein paper serves for the detection of free

bases, but it is not as sensitive as red litmus paper. Red phenol-

phthalein paper is so readily acted upon by the carbon dioxide of the

air and by light, that it is of no practical value.

Turmeric paper., prepared from the alcoholic extract of turmeric root,

turns brown with alkalis (free or as carbonates), and with alkaline

earths, but it is not very sensitive ; its real use is for the detection of

boric acid and salts of uranium.

Congo redpaper, which is turned blue by alkalis and red by acids,

is not very sensitive.

Lacmoidpaper has, for most purposes, scarcely any advantage over

litmus paper. It is used for the stronger organic acids and in testing

for acid chromates, which in the presence of neutral chromate turn red

lacmoid paper blue, and in the presence of free chromic acid turn the

blue paper red, the colours making their appearance after the coloured

chromate solution has been washed awa}'. Red lacmoid paper has a

very great tendency to turn blue, even with the moisture of the

hand.

Normal Solutions

A large number of standard solutions are used in technical anah'sis
;

those employed only for special purposes are treated of in the sections

in which their applications are discussed, the present section being

restricted to a description of the standard solutions in general use, and

which are employed in various branches of technical work.

General considerations.—Normal solutions are prepared either

according to equivalents or according to units of weight of the sub-

stance to be estimated, or if they readil)' alter in strength on keeping,

they are only approximately standardised and titrated anew for each

series of experiments.

The first method is generally adopted. By " normal solution " in
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the narrower sense, that is an Xii solution, is to be understood a solution

of which one litre corresponds to a hydrogen equivalent, in grams, of

the substance to be examined ; }. normal, 1 normal, and yV normal

solutions (A72, X 5, Xj lo) are equivalent to proportionately smaller

amounts of the substance.

The ratio of the gram equivalents refers usuall)-, but not ahva}-s,

also to the composition of the normal solution itself. Thus an X/i

hydrochloric acid solution contains 36-461 g. HCl per litre; anX/i sulphuric

acid which contains two replaceable hydrogen atoms = 49-04 g. HoSO^,

and so on, but this is really only accidental. It is not a question of

what the normal solution contains, but what it corresponds to.

An A' I hydrochloric acid solution must alwa}'s correspond to a gram
equivalent of a base, e.g: to 40-06 g. NaOH or J^- = 85-72 g. Ba(OH}^,

which will, of course, be the case when it contains a gram equivalent

HCl = 36-461 g. in the litre. But an A' 10 potassium permanganate

solution is not one which contains Vo^h equivalent KMnO^ =
I t8-'>--- "=15-82 g. per litre, but one which yields ^^^th equivalent of

oxygen = =0-8 g. O per litre. Since, according to the equa-

tion :—
2 KMnO, + 3H,S0, = K.SO, + 2MnS0^ + 3H.,0 + 5O,

two molecules KMnO^ yield 5 x 16 = 80 O, an A710 permanganate solu-

^ . - „ 0-8 2X 158-2 ^ r ^ •

tion must contam 2 x 1 58-2 x ^;— = — = V164 g. of pure potassmm
80 100 J -r t, r X

permanganate, therefore only a fifth of the above amount of 15-82 g.

Normal solutions, prepared according to the chemical equivalents,

have the merit of being applicable, without further calculation, to all

cases in which they can be employed. Thus i c.c. of X i sodium

hydroxide corresponds to 0-03646 g. HCl, or 0-04904 g. H.SO^, or

0-06305 g. HNOy ; I c.c. Xji HCl,or A71 H.^SO^ corresponds to 0-03 105 g.

Xa.^O, 0-04006 g. NaOH, 0-05305 g. KaJZO.^, 0-05616 g. KOH, or

0-06915 g. K^CO^, etc. An A' 10 permanganate solution corresponds to

0-005588 g. iron, or 0-006302 g. oxalic acid, etc. It is, therefore,

customary to prepare such standard solutions as are applicable for a

variety of purposes, in the ratio of their chemical equivalents.

An alternative method is preferable in special cases with solutions

of this character. If, for example, it is only necessary to determine

whether a commercial product is of a definite strength, it is more
convenient, and saves time, to make up a volumetric solution to corre-

spond to a simple quantity by weight of the substance in question, say,

I, 5, or 10 g. per litre.

This mode of preparing volumetric solutions is particularl)' suitable,

and is to be generally recommended when the solution is employed
F
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exclusively or almost exclusively for the estimation of a simple

substance, such as a silver nitrate solution for the determination of

sodium chloride in products of the soda or salt industry, in Chili salt-

petre, in drinking water, in boiler feed-water, in sulphates, etc. ; or,

conversely, when sodium chloride is used for estimating silver. In

such cases there is no advantage whatever in making up solutions

according to equivalents, as for example an Njio silver nitrate solution,

each c.c. of which corresponds to 0-0585 g. of sodium chloride, since a

calculation, which cannot readily be made mentally, is then necessary

for each titration ; it is far preferable to prepare a solution containing,

e.g., 2-906 g. silver nitrate per litre, so that each c.c. then corresponds to

o-ooi g. NaCl.

A third method is to make up the volumetric solution, not to

correspond to chemical formulae at all, but according to empirical tests.

In the estimation of tanning materials with permanganate, according to

Lowcnthal's method, for example, it would be quite useless to weigh

out an amount of permanganate yielding the oxygen requisite for

oxidation, basing the calculation on the chemical formula of pure

tannin ; the amount of permanganate required is not the same under

all circumstances, and cannot be calculated directh' from the formula as

with inorganic or simple organic substances, but depends upon how
the estimation is carried out, on the temperature, and on the rate at

which the oxidising substance is added ; the titre of the permanganate

solution, prepared by weighing out a simple, arbitrary quantity, must

accordingly be determined empirically with an actual tannin, skin

powder, etc.

Standard Acids

Hydrochloric acid, and for certain purposes oxalic acid, are the only

acids really required for use as standard solutions ; the latter cannot be

used for alkalimetry. Sulphuric acid was formerly in general use

as a standard acid, but it has been very largely displaced by

hydrochloric acid, which has the threefold advantage that it is more
generally applicable, as, for example, in the titration of the alkaline

earths, that its strength can be controlled gravimetrically with silver

nitrate much more accurately than that of sulphuric acid with barium

chloride, and that it has a much greater avidity in the cold than sulphuric

acid ; further, as it is a monobasic acid, any disturbing influences such as

are caused by the hydrolysis of acid sulphates are avoided.

There is no advantage to be gained by using sulphuric acid as

a standard acid, and it can therefore be dispensed with altogether ; it is

prepared in exactly the same way as normal h\'drochloric acid.

Normal nitric acid can also be substituted by hydrochloric acid,
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except for the estimation of chlorides, in an alkaHne sohition (for

example, crude caustic soda) with silver nitrate, using potassium

chromate as indicator ; in this case an amount of standard nitric acid

just sufficient to neutralise the alkali is added, this amount having been

found from a previous titration with h\-drochloric acid. P^or this purpose,

however, a standardised nitric acid is not really necessary if methyl

orange is used as indicator in the neutralisation ; or, if an excess of acid

has been added, it can be neutralised by a slight excess of sodium

hydroxide or sodium carbonate, without disturbing the subsequent

titration with silver nitrate.

Standard oxalic acid was brought for\\-ard by F. Mohr as a " basis

of alkalimetr)%" but it has so many drawbacks that it is now but

seldom employed, except for the standardisation of solutions, in which

respect, however, it is much inferior to sodium carbonate. It is used

for the preliminary standardisation of potassium permanganate
solutions, and for estimating the ''base" in W'eldon mud.

Many different substances have been suggested as a basis or

standardfor acidimetry and alkalimetry, of which the following are the

most important.

Sodium carbonate takes precedence of all the others, both on account

of its extensive use and of its actual merit. It can be prepared and
weighed out absolutely pure and free from water with the greatest ease,

and can be very accurately titrated with hydrochloric acid and methyl
orange, and, with proper precautions, with litmus or with phenolphthalein.

" Chemically pure sodium carbonate," free from any appreciable amount
of chloride, can be obtained commercially ; it can also be readily

prepared from sodium bicarbonate which has been freed from chloride

and sulphate, if present, by washing with small amounts of distilled

water. The sodium carbonate must be quite free from sodium oxide

as well as from w^ater.

If pure commercial sodium carbonate is used as a standard, it must
dissolve in water to a perfectly clear solution, give no turbidity with

silver nitrate after neutralisation with nitric acid, and no reaction for

sulphates, after excess of hydrochloric acid has been added. In

applying these tests a sufficient amount must be dissolved, say 2 to 3 g.,

and the solution sufficiently diluted, in order to avoid precipitation of

barium chloride. A very slight opalescence with siher nitrate is often

noticed, but it is easy to judge if an amount of chloride sufficient for

quantitative estimation is present. If the sodium carbonate is pure, it

is dried by heating in a platinum crucible, with frequent stirring, for

twenty minutes, the temperature being so regulated that only the

bottom of the crucible is red hot; it should not form into hard lumps
during the heating, as this may indicate the formation of a httle

sodium oxide. The ignited substance is shaken into a well-stoppered
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weighing bottle whilst still warm, and kept in a desiccator ; or the

platinum crucible is allowed to cool in the desiccator and the several

(three to five) portions for titration weighed directly into beakers, the

crucible being kept covered during the weighings.

In order to be quite certain that the sodium carbonate has been ignited

sufficiently but not too much, the crucible should preferably be heated

in a sand bath to 270' to 300', with continual stirring, until the weight is

constant ; half an hour is sufficient for this purpose, exclusive of the

time required to attain the temperature. The sand is packed round the

outside of the crucible to the same height as the sodium carbonate

inside, and a thermometer is placed quite close to, or even in, the crucible.

This method, which is quite as convenient as heating with the naked
flame, is recommended by Lunge.

Sodium bicarbonate can be obtained commercially of a sufficient

degree of purity for the preparation of the carbonate ; it should be

tested, as above, for the presence of insoluble impurities, chlorides and
sulphates, of which the two latter can be removed by washing, owing to

the slight solubility of the bicarbonate. The second equivalent of

carbon dioxide and the water can then be driven ofif by heating in a

platinum crucible, as in the case of sodium carbonate
; but a more

reliable result is attained by heating to a moderate temperature, which
can be regulated. Lunge ^ has shown that the bicarbonate is completely

converted into the carbonate by heating, for a few minutes, at 260 to

270 ; if heated for from a half to one hour in a sand bath or in an air

bath at a temperature not over 300", the carbonate can be relied on as

being free from bicarbonate, water, and sodium oxide.

Although sufficiently pure bicarbonate can readily be obtained

commercially, yet it may at times be necessary to purify an impure
product, so as to obtain a pure substance for standardising purposes.

Reinitzer- gives the following method of purification. About 250 c.c.

of distilled water is heated to 80 in a tall beaker (preferably of Jena
glass) and the bicarbonate added, in small quantities at a time, till the

solution is saturated, the liquid being continually stirred ; during this

process, part of the carbon dioxide is evolved, with effervescence. When
nothing further dissolves, the solution is filtered through a pleated filter

paper, preferably in a hot-water funnel, into a flask and cooled to 10 to

15^. In this way a considerable amount of a coarsel)' crystalline salt is

thrown down, which is a mixture of bicarbonate and trona," and which

can be separated from the mother liquor by filtration through a funnel

fitted with a platinum cone or with a loosely fitting glass stopper ; it is

preferable not to use a filter paper, so as to avoid contamination with

fibres of paper. The mother liquor is pumped off and the substance

1 Z. angew. L'heiii.^ 1*597, 10, 522, - llnd.^ 1^94) 7- 55^-
•* ^ Ciubonate. Cf. Z. angew. C/iem., 1893, 6, 446 and 573.
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washed several times with small quantities of cold water, which are

completely removed by suction after each addition. The salt is then

transferred to a platinum crucible, which is heated to such a temperature

that it is just visibly red hot in daylight ; after cooling, it is powdered
and again dried. If this method is employed, it is difficult, when dealing

with large quantities, to avoid overheating some portions, and thus

producing traces of sodium oxide. It is therefore better simply to dry

the salt thoroughl}', grind and mix together, and then to heat the small

quantities to be employed in standardising, in a sand bath or air bath, to

a temperature not exceeding 300 , as above.

For standardising or controlling the strength of a normal acid, the

corresponding quantities of sodium carbonate must alvva)'s be weighed
out separately ; the plan of preparing a normal sodium carbonate

solution containing say 53 g. to the litre and withdrawing aliquot

portions for the different estimations, is unsatisfactory. Errors in

measuring, in the emptying of pipettes, etc., cannot be avoided, even

when standardised apparatus is employed, and the inaccuracy arising

from these causes is much greater than errors of weighing.

The possibility of preparing sodium carbonate quite free from

moisture and from sodium hydroxide has, from time to time, been

questioned by various investigators.^ Lunge - has, however, shown that

the product obtained b\- the method of ignition given above is quite free

from moisture, and that the quantity of sodium hydroxide formed is

negligible for all ordinary analytical work; in a special experiment to

test this point, he found only 0-004 per cent, of the h}-droxide in a

sample of carbonate dried at 270'' to 300 .

Sorensen-^ has recommended the use of sodiuui oxalate as the basis

for alkalimetry instead of sodium carbonate ; it has the advantage of

being applicable also as a standard for oxidation methods of volumetric

analysis. The salt can readily be obtained free from water of crystal-

lisation, according to Sorensen, and is not hygroscopic. As prepared

according to his directions, by Kahlbaum, by precipitation with alcohol

and drying at 240°, it may be employed for standardising purposes, either

directl)- or after a few hours' heating in the steam oven. An accurately

weighed quantity of the salt is carefully heated, for a quarter to half an

hour, in a covered platinum crucible, over a small gas flame, supported

in a hole in an asbestos card, so as to avoid contamination by sulphur

compounds from combustion, or over a spirit lamp,'* until the sodium

carbonate formed just begins to fuse ; towards the end of the operation

' Cf. C. L. Higgins, y. Soc. Chem. In J., igoo, 19, 958 ;
Sorensen and Andersen, Z. anal. Chem.,

1905,44, 156; B. North and W. Blake}',/. Soc. Chem. hid., 1905, 24, 396; Sebelien, C/iem.

Zeil., 1905, 29, 638.

- Z. ange-w. Chem., 1904, 17, 231 ; 1905, 18, 1520.
"• Z. anal. Chem., 1897, 36, 639 ; 1^03, 42, 333 ; 1905, 44, 156,

^ Cf. Lunge, Z. angeiv. Chem., 1905, 18, 1520.
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the lid is moved aside so as to cover about one-half of the crucible,

to promote the complete combustion of the carbon formed. A
mixture of sodium carbonate, containing a little sodium hydroxide, is

thus formed, which is not weighed, but transferred along with the

crucible to a tall beaker, moistened with water, treated with an excess of

the acid to be standardised and warmed on the water bath ; the solution

is then poured into a conical flask, the crucible and cover and the

beaker rinsed out, ten drops of a solution of 0-5 g. phenolphthalein in

50 c.c. alcohol + 50 c.c. water added and boiled, till the carbon dioxide is

completely expelled, in a current of air freed from carbon dioxide, cooled

in cold water, and the excess of acid titrated back with A^jio sodium

I
"^
A.' T

h}'droxide. The equivalent of sodium oxalate is —- =67-05, so that

10 c.c. of an AY 10 acid correspond to 0-06705 g. of sodium oxalate ; or o- 1 g.

of the salt= H-Qi c.c. of an iV/ioacid. In a subsequent paper,^ Sorensen

gives accurate directions for the examination of commercial " pure

"

sodium oxalate, for impurities.

Sorensen's investigations were carried out with great care, and they

show that very good results are obtainable with sodium oxalate, as a

basis for alkalimetr)'. Whether the ignition of the oxalate with com-

plete combustion of the carbon (regarded b\- Sorensen himself as

absolutely necessary) can be performed without loss b}' those without

special experience in the method, requires confirmation. The examina-

tion of the substance as regards absolute purity is more troublesome and

tedious than in the case of sodium carbonate, and this is true of the

whole process, even if the titration is not carried out with phenol-

phthalein in boiling solution as above, which is quite unnecessary, but

with methyl orange in the cold."' There is, therefore, no reason for

giving sodium oxalate the preference over sodium carbonate, but it can

be advantageously used as a control in doubtful cases.

To prepare an N/i hydrochloric acid solution, pure hydrochloric acid

is diluted to a specific gravity of about 1-020, so as to obtain a pre-

liminary acid somewhat over the normal strength (36-46 g. HCl per

litre). This acid is then titrated against a freshly ignited sample of

sodium carbonate. l( ^c is the weight of carbonate neutralised by x c.c.

ofacid, .i-=:

—

will correspond to a normal .solution. From this
0-05305

formula the number of c.c. of normal acid that would be required is

zv
calculated; this number, r, is therefore = , and x will be smaller

0-05305

than J' if the preliminary acid is too strong, which is generally the case.

In order to find out how much the "preliminary" acid must be diluted

1 Z. anal. Chem.^ 1903, 42, 512.

- Cf. Lunge, Z. angew. Chem., 1905, 18, 1520.
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to obtain a normal solution, let u= ; // is then the number of c.c,

y
of the preliminar}' acid which has to be made up to lOOO c.c. with water

to obtain a normal acid.

If normal sodium h}'droxide is available, it may be used in an

exactly analogous wa\- to titrate the " preliminary " acid and to prepare a

normal solution.

The diluted acid is then titrated against new samples of freshly

ignited sodium carbonate as a check, that is, to ascertain if x=y. A
further control, by determining the proportion of chlorine with silver

nitrate, is also very desirable ; loc.c. of the acid ( = 0-3646 g. HCl) should

give 1-435 g- ^'^gCl.

Since 50 c.c. of X \ acid, the capacit}' of an ordinar}- burette, cor-

responds to a weight of 2-652 g. of sodium carbonate, from 2-og. to 2-5 g.

should be weighed out for each titration, so as to reduce the error in

reading the burette, as far as possible. If only 20 c.c. of acid are used

for the titration, the effect of the error in reading is double that for 40
c.c, and if more than 50 c.c. is needed, ^o that the burette has to be

refilled, four instead of two readings are necessary, so that the degree of

accuracy is also lessened. The use of 100 c.c. burettes of the ordinary

form, in order to avoid the four readings, is also disadvantageous,

because they can onl}' be graduated into fifths of a c c. with accuracy,

and the error in reading is thus double that with a 50 c.c. burette gradu-

ated in tenths. If, however, a great many analyses requiring the use of

more than 50 c.c. of acid for each titration have to be made, burettes

with bulbs, constructed on the principle of Lunge's bulb nitrometer, ma}'

be employed, in which the accurate graduations begin at 60 or 70 c.c.

In order to interpret the experimental results clearly, a coefficient

for the normal acid should be calculated from each observation, by

finding the amount of acid theoretically necessary to neutralise the

weighed quantity of sodium carbonate and dividing this by the number
of c.c. actually required ; the quotient gives the number with which the

results of the titration have to be multiplied to find the amount of

sodium carbonate actually present. Suppose, for example, that 2-500 g.

of sodium carbonate have been weighed out, and that this amount
neutralises 47-00 c.c. of acid

;
if the acid had been actualh- normal,

2- 500^^^ =47-13 C.C. would have been required. The acid is, therefore,
0-05305 ^' -^

^ ' '

slightly too strong, and the readings must be multiplied by
47-00

1-0028 to correspond to normal acid.

All normal solutions should be prepared at 15", and a correction

must be applied as detailed on p. 45, if they are subsequently employed

at a temperature differing by more than i" or 2" from 15°.
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In order to be able to rely on the correctness of a normal acid, at

least three, but preferably four, experiments should be made, and the

greatest deviations from the coefficient, calculated as above, should not

exceed o-ooio, so that the mean of the results has a maximum error of

±0-0005. A skilled worker can get more accurate results, but it is

not easy to get within the half of the above error, that is, an error of

±0-025 per cent, and ±0-01 per cent., which may be regarded as the

greatest obtainable accuracy, can only be attained by taking very

special precautions, making the readings with a cathetometer, etc.

Since small errors may be introduced each time the normal solution is

used, the second decimal place per cent, is alwaj's uncertain in alkali-

metric and acidimetric observations, and even the correctness of the first

decimal place, that is one-thousandth of the total amount, is only to be

depended on when very great care is taken. It is, therefore, absurd to

calculate out analyses of this kind to more than two decimal places percent.

In scientific laboratories it is usual to prepare a volumetric solution

of approximate accurac)' and to correct the readings b}' means of a

coefficient, determined as above. In technical laboratories, on the other

hand, where large amounts of standard solutions are made up at once,

the use of a coefficient involves loss of time and may give rise to error

;

it is, therefore, preferable to adjust the solutions so that no correction is

required. If the coefficient does not exceed ±0-0002, this deviation

from a normal solution can, in most cases, be neglected.

Of other substances which have been suggested for the standardising

of norm.al acids and alkalis, the following are the most important.^

Grandeau,- and subsequently Pincus'^and Fresenius,* suggested the

use of calcspar (Iceland spar), which they regard as chemically pure

calcium carbonate, but this is not always the case. Thiele and Richter''

found deviations of 0-2 per cent, from the true value, with this substance.

Hartley'' and Neitzel " have made use of metallic sodium.

Borax is recommended b}^ Salzer,*^ Rimbach and Worms,^ Rich-

mond,'*^ Buchanan,^' and Perman and John.'"'

Ainmoiiiuin chloride has been suggested by Reinitzer,'"' and by

Seyda and Weinig,'^ and annnouiinii sulpJiatc b\' Knublauch.'"'

^ Many of the following references are taken from a paper by Vanino and Seitter, Z. anal.

Chem., 1902, 41, 141, which contains a fairly complete siimmar)- of the literature on volumetric

solutions and substances used in standardising them. Cf. also B. North and W. Blake}-, /. Soc.

Chem. Ind., 1905, 24, 396.

- Z. anal. Chem., 1863, 2, 426. 9 Ibid., 1896, 35,. 338 ; 1897, 36, 688.

=' Ibid., 1863, 2, 426. ^" Chem. News, 1895, 72, 5.

^ Ouantilatiue Analysis, 7th edition, vol. ii., " /. Soc. Chem. Ind., 1904, 23, 1093.

p. 194.
'"2 Chem. News, 1895, 71, 296.

'' Z. aw^^-w. r^^w., igoo, 13, 486.
^'-^ Z. anal. Chem., 1895, 34, 577; 1900, 39,

** Z. anal. Chem., 1873, 12, 89. 458.
"' Ibid., 1893, 32, 122. " Z. angevo. Chem,, 1892, 5, 204.

8 Ibid., 1893, 32, 449.
^^ Z. anal. Chem., 1882, 21, 165.
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An iodoinctric metJiod, based on the reaction :

—

5KI + KIO,+ 6HCl = 6I-f3H,0 + 6KCl,

is described b\' Mohr, Kjehdahl,^ Groger,- and Fessel.-^ v. Than ^

proposed potassium bi-iodate, which is also recommended by Meineke.-^

Riegler*^^' has suggested pure iodic acid. All the iodometric methods

for preparing normal acids and alkalis are indirect, and the sum of the

small unavoidable errors may easily exceed the permissible limit stated

on page 88. The basis of iodimetry is not more certain than that of

acidimetr}', if pure sodium carbonate is used as the standard, but rather

the contrary, so that acidimetry ma)' justifiably be emplo\'ed as a basis

for iodimetry rather than the reverse {cf. p. 1 17).

The iodometric method is recommended by Petersen ' for determin-

ing the amount of acid in coloured plant extracts, roots, beer, etc.

Morse and Chambers*^ base a method of standardisation on the

decomposition of neutral hydrogen peroxide by potassium perman-

ganate, according to the equation :

—

2KMnO,+ 5H.,0., + 3H,SO,= K.-,SO,+ 2MnSO, + 8H,0 + 50o.

In this reaction the volume of gas evolved may, of course, also be

measured. Another method, involving measurement of a gas, in which

potassium iodide, potassium iodate, sodium hydroxide, and hydrogen

peroxide are employed, has been proposed by A. Baumann.-'

Hart and Croasdale^'^ and Kohn^^ have proposed the electrolysis of

copper sidpJiate as a basis for acidimetry. The advantage of this

proposal lies in the fact that it is dependent only upon the ratio of

copper to sulphuric acid. The copper sulphate itself need not be

weighed, and therefore the difficulty of obtaining a substance, which

can be dried without decomposition or without loss of water of

crystallisation, is avoided. It is only necessary that the sulphate is

free from metals other than copper, and this degree of purity is effected

by two recrystallisations of the commercial salt, a little nitric acid

being added in the first recrystallisation to oxidise any ferrous sul-

phate present. From i to 2 g. of copper sulphate is electrolysed in

aqueous solution, and the weight of sulphuric acid formed determined

from the weight of the equivalent of copper deposited. The method

serves only as a basis from which the strength of other solutions may
be determined, but not for preparing actual standard solutions for use,

as there is an obvious limitation to the quantity of solution that can

be conveniently prepared in this way. Dauve^- states that good

^ Z. anal. Chem., 1883, 22, 327. " Z. anal. Chem., 1903, 42, 308.

- Z. angew. Chem., 1890, 3, 353 and 385. ^ Ibid., 1898, 37, 183.

^ Z.anorg. Chem., 1899, 23, 67 ; 38, 1904, 449. " Ibid., 1892, 31, 450.
-" Annalen, 1891, 261, 358. '"

J. anal. Chem., 1890, 4, 424 ; 1892, 6, 421.
'' Chem. Zeit., 1895, 19, 2. '^

J. Soc. Chem. Ina., 1900. 19, 962.

•* Z. anal. Chem., 1896, 35, 308 ; 1899, 38, 250. '- /. Pharm. Chem., 1902, 16 [2], 65.
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results cannot be obtained by this method, because if no free acid is

present, the deposited copper does not adhere to the electrode and

contains suboxide of copper, but no experiments are given to support

this conclusion. Meade ^ has described the preparation of standard

sulphuric acid, and indirectly of standard h}'drochloric and nitric acids,

b}- the electrol}-sis of copper sulphate.

North and Blakey - recommend sodium bicarbonate for fixing the

strength of standard acids, but according to Lunge'' it is not reliable.

Normal h\-drochloric acid can of course be prepared and checked

gravimetrically, b}- precipitation with silver nitrate. Lunge finds that

with careful working, the results by this method agree with those

obtained b\- the use of sodium carbonate to within 0-05 per cent., some-

times even to within 0-02 per cent. ; he does not regard this gravi-

metric method as more accurate than standardisation with pure sodium

carbonate.

It is much more difficult to attain the same degree of accuracy with

normal sulphuric acid b}^ precipitation with barium chloride, owing

to the well known difficulty of obtaining absolutel}- pure barium

sulphate.

Several authors have recommended evaporating down the acids

with ammonia, and weighing the ammonium salt formed.

Moody ^ has suggested the preparation of normal h}'drochloric acid,

by passing h)'drochloric acid gas into a known weight of water, and

determining the increase in weight. The method has since been

studied and improved by Higgins;"* very accurate results can be

obtained, but somewhat special apparatus is required which is hardly

suitable for technical work. Both Roth'' and Raschig" have also

described this method.

A. ^Marshall * recommends the preparation of normal sulphuric acid

on the basis of its specific gravity. This proposal has been extended

to hydrochloric acid by Kiister and Siedler,^ but the examples given

show too great deviations from the actual strength, even in cases

regarded by them as correct up to 0-5 per cent., to allow of the recom-

mendation of the method, for accurate work. In a later communication,^'^

Kiister and Miinch state that the method is correct to within ±0-0001

of the sp. gr. Tables of specific gravities of sulphuric acid and of

h}'drochloric acid, between the limits of .A' 10 and X 1 solutions, have

1 /. Amer. C/iem. Soc, igoi, 23, 12 and 343.
* C^em Soc, 1897. 73, 658.

2 /. Soc. Chetn. Ind., 1905, 24, 396. '
J. Soc. Chem. Ind., 1900, 19, 958.

Z. angew. Chem., 1905. 18, 1520.

^ Z. angeii: C/iem., 1904, 17, 710
; /. Soc. Chem. Ind., 1904, 23, 837.

' Z. atigew. Chem., 1904, 17, 577-

^ J. Soc. Chem. hid., 1900, 19, 4 ; 1902, 21, 1 51 1.

" Chem. Zeit., 1902, 26, 1055 ;
Ber., 1905, 38, 150.

'" Ber., 1905, 38, 150 ;
Z. an rg. Chem., 1905, 43, 373.
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also been prepared b}- \\'orden and Motion ;
^ such tables may very

well be used for the approximate adjustment of volumetric solutions.

Quincke - has proposed a method, depending upon the measurement

of oxygen evolved from potassium ferroc}-anide and alkaline hydrogen

peroxide.

There are several methods, in which an acid substance is taken as

the basis, b}- means of which an alkaline solution is standardised and the

latter then emplo}-ed for standardising a normal acid.

The most important of the compounds used in this wa}- is oxalic

acid, the value of which, as a basis for acidimetry, has been advocated by

Mohr. It is, however, very difficult to prepare oxalic acid quite pure,

and with the definite proportion of water corresponding to the formula

H.,C.,0^.2H.,0. This difficulty is by no means overcome b}- Hampe's
suggestion ^ to use the extremely h}'groscopic anhydrous acid, which

sublimes at lOO", instead of crystallised oxalic acid. Of the numerous

methods proposed for the preparation of pure oxalic acid, that of

C. Winkler is most largely used.* 500 g. of commercial oxalic

acid are dissolved in an equal weight of boiling hydrochloric

acid of sp. g. 1-07, in a porcelain basin, the solution placed in ice water

and allowed to cr\stallise, with continual stirring ; the fineh' crystalline

mass is transferred to a funnel, provided with a plug of glass wool,

allowed to drain, and washed several times with h}-drochloric acid.

It is then redissolved in pure, boiling hydrochloric acid, again cooled

with continual stirring, the crystals filtered off, washed with a little water

and recrystallised b}- dissolving in just the requisite amount of boiling

water. The finely crystalline mass thus obtained is again washed

and the whole treatment is repeated two or three times. The final

product is left to dry in a cool place, the drying material being repeatedly

changed. Thus prepared, it is free from chlorine and mineral matter,

but still contains enclosed liquid, and must therefore be deh}-drated

before use. This is best effected by drying for five to six hours at 60
,

as oxalic acid volatilises to a considerable extent at ioo\ The dry acid

having the formula H.^CO^, must naturally be kept in tightly closed

bottles ; when it is to be employed for standardising purposes, about

0-2 g. is weighed out into each of several weighing tubes, again dried

for several hours at 60" to 80'', allowed to cool in the closed tubes, and then

accurately weighed.

This somewhat troublesome method of purification is likely to prove

too tedious for technical work, and the method possesses no advantage

over the use of pure sodium carbonate. \A'inkler recommends it only

for standardising purposes, and not for the preparation of normal oxalic

acid. To carry out the method, a normal alkali is first standardised with

1 J. Soc. Chem. Ind., 1905, 24, 178. ^ Che/n. ZeiL, 1883, 7, 73 and 106.

- Z, anal. Chem., 1892, 31, i. ^ Uehungen in der Massanalyse, 3rd edition, p. 69-
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the oxalic acid and then used for adjusting the strength of the normal

acid ; the method is, therefore, indirect, and accordingly liable to small

unavoidable errors which do not arise in direct standardisation. The
normal alkali used in the titration must either be free from carbon

dioxide, or the solution must be boiled, allowed to cool, and the titration

completed. Instead of an alkali hydroxide, barium hydroxide may be

employed, but the adjusting of the latter solution, so as to contain an

exact equivalent, is difficult (cf. infra).

Instead of oxalic acid, its acid salt, potassium tctroxalate, is regarded

by many as a more reliable basis for alkalimetry, as also for the titration

of potassium permanganate. The crystallised salt has the formula

KHCoO^.H.,C.,04.2H.,0 ; its employment was first suggested by Kraut,^

and subsequently recommended by Ulbricht and Meissl,"^ and by

Meineke,-'' whilst Wells,^ Hinmann,'' and Dupre and Kupffer'' have

criticised its value adversely. It can be used either with litmus or

preferably with phenolphthalein as indicator ; as in the case of free

oxalic acid, the presence of carbon dioxide in the alkali must be taken

into consideration. The tetroxalate has recently been again strongly

recommended by J. Wagner,'' who frees it from moisture by pressing

between blotting paper, instead of by standing over sulphuric acid, as

recommended by Meineke, and employs it in the air-dried state. It

can be obtained, free from the dioxalate which it is apt to contain, by

dissolving one gram-molecule of neutral oxalate in water and adding it to

a solution of rather more than three molecules of oxalic acid, in such a

way that excess of the latter is always present ; the solution is warmed
for an hour on the water bath, and the product recrystallised. The
tetroxalate is then used for standardising barium hydroxide with

phenolphthalein as indicator, and the strength of the normal acid

adjusted from the hydroxide.^ The same method is recommended by

Kiihling.^ Lunge ^^ states that, as the result of a large number of experi-

ments, he has not succeeded in obtaining potassium tetroxalate with a

constant proportion of water corresponding to the formula given above,

and he therefore does not concur in recommending it in place of sodium

carbonate as a basis for alkalimetry, although it may quite well be

employed for the standardisation of potassium permanganate, via

sodium carbonate, hydrochloric acid, and barium hydroxide.

Objection must be made on principle to standardisation with oxalic

acid, potassium tetroxalate and all other substances, such as potassium

1 Annaleii, 1863, 126, 629. * Z. anal. Che»i., 1893, 32, 453.
'^ Z. anal. Chem., 18S7, 26, 350.

'' Il/iJ., 1804, 33, 456.

^ Chem, Zeit., 1895, 19, 2. "^ Z. angew. Chem.^ 1902, 15, 352.
' Proc. ^th International Congress for Applied Chemistry, 1903.

® J. Wagner, private communication.

^ Z. angew. Chem., 1903, 16, 1030 ;
Chem. Zeit., 1904, 28, 596 and 612.

'" Z. angew. Chem., 1904, 17, 227 ; Chem. ZeH., 1904, 28, 701.
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bi-iodate and cream of tartar, with which phenolphthalein is used as

indicator, when the normal sokitions are subsequent!}- used with meth\'l

orange {cf. p. 60).

Potassium bi-iodate has been recommended as a basis for the direct

adjustment of normal sodium carbonate by Meineke^ and by E. Crato."^

According to Lunge,-'' iodic acid behaves, towards methyl orange, as a

rather weaker acid than hydrochloric acid and similar acids ; this is

naturall)^ not the case with phenolphthalein, but still the results are not

very accurate, nor is it possible to establish the absolute purity of

the substance readily and quickly by qualitative analysis, as in the case

of sodium carbonate. J. Wagner also finds ^ that the commercial

*' chemically pure " bi-iodate often does not correspond to the formula

KH(I03).„ and that it cannot be satisfactorily dried by the method

recommended by Meineke. There is accordingly no reason for using

this salt in preference to sodium carbonate as a basis for alkalimetry,

either directly or indirectly.

Potassium hydrogen- tartrate has been recommended as a standard by

Borntrager;-^ it appears to be used at Italian experimental stations.

The weak acidic character of tartaric acid and the consequent decrease

in the sharpness of the transition tints of the indicator, is an obvious

objection to its use, and it has no advantages over sodium carbonate.

Potassium bichromate has been suggested by Richter '' as a substance

which can readily be obtained pure, but even if this be so, the weak

acidic character of chromic acid and the transition in colour from one

tint of yellow to one of a more reddish hue, are clearly unfavourable to

its use in alkalimetr)'.

The Strength of Normal Acids.

In works, Nh acid is used for controlling working processes and for

many laboratory purposes ; the change of colour of the indicator with

acid of this strength is very sharp, under all circumstances. Its use

necessitates taking a correspondingly larger amount of substance for

analysis, and in practice, a sufficient degree of accuracy is attainable,

with less carefully calibrated weights and measuring vessels, than are

used for other work. It is, however, often necessary to work more

accurately, and. there is then the choice of \, \, or jV ^^ ^cid. These

are most readily prepared b}- dilution of the normal acid ; the strength

of the diluted acid must alwa}-s be checked as directed on page '$>'], for

which purpose i-oooto 1-250 g. of sodium carbonate is weighed out for the

N\2 acid, 0-4 to 0-5 g. for the X 5 acid, and 0-2 to 0-25 g. for the X^ 10 acid.

' Chem. Zeit., 1895, 19, 2. * Z. augew. Chem.^ 1904, V], 225.

- Massanalytische Tafel. "• Massanalytische Sludien, p. 60.

" C/iem. Zeit., 18S1, $, 519 ; Z. anal. Liuin., i8b6, 25, 333 ; 1892, 31, 5G ; 1S94, 33, 713-

•^ Z. anal. Chem., 1882, 21, 205 ; c/. alio, Z. anorg. Chem., 1893, 3, 84.
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It is undesirable to have too many normal solutions in use, and usually

one other acid besides the normal acid suffices ; N!^ acid is the best

strength for the dilute acid. Very little is gained by using .A' 2 acid

instead of the normal, and Xio acid is too dilute to use as the weaker

solution ; at least two drops of it are required to bring about a sharp

change of colour, so that it is really not more accurate than X^^ acid,

only one drop of which is required to effect the same result. Titra-

tions to within one drop of an N'-^ solution (o-02 to 0-03 c.c ) are as

near as can be relied upon, taking into account the lack of sensitive-

ness of many indicators and other sources of inaccuracy.

In works, a large quantity of normal acid is usually prepared at once,

say 50 to 60 litres, the capacity of an acid carboy. P"or laboratory use it

must, of course, be transferred to smaller vessels, such as stoppered

bottles, holding at most 5 litres ; this is preferably done as soon as the

acid has been standardised. If, however, a sufficient number of smaller

vessels is not available, or if there is no room for them, so that the

carboy has to be emptied gradually, care must be taken to stopper it

well, and to shake thoroughly before use {cf. p. 52). The smaller

bottles must also be well shaken once a day before use, since water ma\'

evaporate and condense in the upper empty part of the vessel.

The equivalent of i c.c. of i, ^, i, and yV X acids, in grams of the

substance to be estimated, is given in the following table :

—
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tion of the hydroxides of the alkaline earths, in the presence of their

carbonates, it can be completely replaced b\' h}-drochloric acid.^

It can be readily prepared by dissolving 63-025 g. of chemically pure

oxalic acid in one litre for the normal acid, and correspondingly smaller

amounts for the weaker acids ; since the preparation of absolutely

pure and dry oxalic acid, according to the method detailed on p. 91,

is so troublesome, even C. Winkler, who holds to this acid as the basis

of alkalimetry, recommends that normal oxalic acid for use should be

prepared of approximate strength from the ordinar}- " pure " acid, and

the strength determined by titration with accurate normal alkali.

Only very weak acidic indicators, such as litmus and still better

phenolphthalein, can be used with oxalic acid. The solutions do not

keep well and decrease in stabilit)- with the degree of dilution. They
decompose gradually even in closed vessels and when kept in the dark,

but more rapidly when exposed to light. The more concentrated

solutions, including the A^i acid, are, however, fairly stable ; if sterilised,

they can be kept in the dark for some years without alteration in

strength."- Very dilute solutions such as the A7100 acid, used in water

analysis for the determination of "organic matter," keep only for a

very short time, and must be prepared fresh on each occasion. The
strength can, of course, readily be determined, at any time, by titration

with sodium hydroxide, using litmus or phenolphthalein as indicator
;

in order to obtain accurate results, the solution should be boiled with a

slight excess of sodium hydroxide, cooled quickly, and titrated back in

the cold, in order to avoid error, owing to the presence of sodium

carbonate in the h}-droxide.

Standard Alkalis

The hydroxides of sodium, potassium, ammonium, and barium are

employed as standard alkalis ;
of these, the first is most largely used.

The only reason for using the more expensive potassium hydroxide is

that it has rather less action on glass ; this is true for solutions of the

same percentage composition, but apparently not for solutions of the

same molecular concentration.'^ Mohr found that burettes filled with

sodium hydroxide sometimes cracked longitudinally, which was not the

case when potassium hydroxide was used ; this is, however, of so infre-

quent occurrence, that it cannot be regarded as a reason for limiting the

use of sodium hydroxide.

Ammonium hydroxide has been recommended as a standard alkali

because it does not readily absorb carbon dioxide from the air and has

' Kiister, Z. anorg. Chem.^ 189S, 18, 127 ; Lunge, Z. angeu-. Chciii., 1S97, 10, 41.

- H. Beck, Inaugural Dissertation, Jena, 1902.

^ Lunge and INIillberg, Z, angew. Chem.^ 1897. 10, 398.
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no action on glass. These advantages, the first of which is only relative,

arc, however, counterbalanced by the tendency of the solutions, to give

up ammonia. Even A72 and A75 solutions alter in strength so rapidly that

they cannot be used for any length of time without control ; such solu-

tions should not be allowed to stand, even for a short time, in burettes

which are not thoroughly shut off from the air.

Barium hydroxide, which absorbs carbon dioxide from the air,

giving a precipitate of the carbonate, can only be used when all the

usual precautions are taken to obviate this source of error. It is

difficult to prepare a normal solution and still more difficult to keep its

strength unaltered, so that a correction factor has always to be used.

It is only in certain cases that the advantages of barium hydroxide are

sufficient to counterbalance these drawbacks, as, for example, in the titra-

tion of weak acids with phenolphthalein, since, unlike the h}'droxides of

potassium and sodium, it can readily be obtained free from carbon

dioxide. When this is of no advantage, as in all cases in which methyl

orange is used as indicator, nothing is gained by its use.

Sodium hydroxide.— In technical laboratories and even for most

scientific purposes, the commercial white caustic soda may be used

directly for preparing this solution, since the impurities usually present,

such as chloride, sulphate, silicate, and aluminate, very seldom affect the

result. Sodium hydroxide in sticks, purified by alcohol, answers all require-

ments. The expensive product prepared from metallic sodium contains

not only sodium carbonate, but sometimes gives a flocculent residue on

solution. A similar residue is often obtained when ordinary caustic

soda is used, and a sample should therefore be selected which dissolves

in water to a clear solution ; otherwise the solution must be allowed to

settle and the clear liquid decanted.

To prepare normal sodium hydroxide, clear transparent lumps of the

best white commercial caustic soda are picked out, any opaque parts on

the surface scraped off, and 50 g. weighed out for each litre. It is

then dissolved in water, made up to the litre at 15', and 50 c.c. of this

provisional solution titrated with accurately normal hydrochloric acid,

using methyl orange as indicator, till the brownish transition tint

appears (p. 62). If;/ c.c. of acid are used, the number of c.c. of the pre-

liminar}' alkali, which must be diluted to a litre, with pure water, to

, ^ .
^ ,

, ,. , , ... 50 X 1000
obtani accurately normal sodium hydroxide, is .

^
;/

The solution must, of course, be titrated again to check its accuracy
;

weaker solutions are similarly prepared.

Bousfield and Lowry^ have shown that standard solutions of sodium

hydroxide can be prepared from metallic sodium. Kiister- has also

' FJiiLTnuis., 1905, 204, 253.

- Z. anorg. C/iein., 1904, 41, 472. J. Soc. L'luin, hid., 1904, 23, 1027 ; iyo6, 25, 982.
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described a method for the preparation of pure sodium hydroxide soki-

tions from the metal.

As is well known, sodium hydroxide solutions should not be kept in

bottles with ground-glass stoppers, as these easily become fixed in the

neck of the bottle. This difficult}- is to some extent overcome by
greasing the stoppers with a little paraffin or vaseline, or by tying a

thread round the stopper, or by covering it with a piece of wide rubber
tubing ; a rubber stopper may also be used. Corks cannot be used, as

they soon decay and pieces fall into the solution.

It is not advisable to prepare very large amounts of sodium
hydroxide at once as a stock solution, because it slowly attacks the

glass and alters a little in strength. In order to obtain accurate results

when litmus or phenolphthalein are used as indicators, the hydroxide
must be prepared free from carbon dioxide, and when in use, especially

in the burette, must be carefully guarded from contact with this gas.

To effect this, it has been suggested that the sodium or potassium
hydroxide should be boiled with milk of lime, till a filtered sample
evolves no carbon dioxide \\hen poured into dilute h}'drochloric acid.

This mode of procedure is, however, insufficient to remove the carbonate
completely. The method suggested by Klister,^ to dissolve sodium in

boiling alcohol, displace the alcohol by water, free from carbon dioxide,

and dilute with the latter to normal strength, would certainly give more
satisfactory results, but the method is inconvenient and expensive, and
is not likely to be used in technical laboratories. Moreover, Lunge
found that solutions prepared in this way, with all possible precautions,

still contained considerable amounts of carbon dioxide.

Kiister and Griiters - recommend that barium hydroxide should
always be used for accurate determinations with phenolphthalein,

because potassium and sodium hydroxides give uncertain results, owing
to the variable amounts of contained carbonate.

There is, further, no object in preparing an alkali hydroxide solution

free from carbon dioxide, unless its re-absorption from the air is carefully

guarded against, when in use. To effect this, the solutions should
always be prepared and diluted with boiled, carbon dioxide-free water,

the titration should be made, as far as possible, without access of air, and
the burette and supply-vessel should be guarded against the absorption
of the gas. The method generally adopted to protect the solution is to

provide the supply-bottle with a stopper with three holes ; in one is

placed a soda-lime tube open to the air, the second is connected with
the top of the burette, and a s}-phon tube, reaching to the bottom of the

bottle, is placed in the third hole and connected by means of a T-piece

with the lower part of the burette, above the pinch-cock. There are con-

^ Z. anorg. Chem.^ 1897, 13, 134 ; ^' Treadwell, Atialytical Chemistry, vol. ii., p. 441.
- Ibid., 1903, 35, 459-

G
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siderable objections to this arrangement, however, since although the

carbon dioxide is excluded, it renders the daily shaking of the supply-

bottle, which is absolutely necessary, owing to evaporation or condensa-

tion of water in the upper part of the latter, difficult or impossible. If

the connections, as is preferable in other cases, are made, as far as

possible, of glass, and are therefore rigid, shaking is out of the question ; if

rubber tubing is used instead, the alkali becomes contaminated,

especially with sulphur, by prolonged contact. It is therefore preferable

to close both burette and stock-bottle with a soda-lime tube and not to

connect them, but to fill the burette at the top in the usual way, after

shaking the bottle ; no appreciable error arises from the momentary

contact of the alkali with the air, certainly less than when the burette

and flask are rigidly connected. Some such mode of connection as

that described above is, however, essential in using barium hydroxide

solutions.

Glaser ^ and others contend that the errors due to the small quan-

tities of carbonate contained in solutions of the alkali hydroxides and to

the carbon dioxide absorbed from the air during titration, are practically

negligible when litmus or phenolphthalein are used as indicators, and

may be disregarded. Experiments by Lunge- and by Raschig,^ how-

ever, show definitely that this is not the case. In a series of determina-

tions by the former, 25 c.c. of TV^S hydrochloric acid required exactly 25 c.c.

of 7\75 sodium hydroxide, prepared from metallic sodium and using methyl

orange as indicator, in each of three independent determinations ; in six

determinations with phenolphthalein, titrated cold, the minimum value

was 25-54 c.c, the maximum 25-63 c.c, an average of 25-59 c.c, or 2-32

per cent, too much. In a separate set of determinations, with different

solutions, the coefficient for the alkali, using methyl orange, was 1-0006 to

1-0008 in three experiments, whilst with phenolphthalein the value in five

experiments was 0-9799 to 0-9804, or again more than 2 per cent, out,

an error due to the colour change taking place when half of the carbon

dioxide of the contained carbonate is disengaged, with the formation of

bicarbonate.

For comparatively rough work, complete protection against the

absorption of carbon dioxide is unnecessary when litmus or phenol-

phthalein are used as indicators ; if methyl orange is used, such protec-

tion is not required, even for accurate work. With the latter indicator

it might be thought that sodium hydroxide could advantageously be

replaced by sodium carbonate, by dissolving 53-05 g. in a litre of water

at 15° for an iV/i solution; this is not to be recommended, however,

because a solution of sodium carbonate also gradually attacks glass, even

when cold, taking up a small amount of alkali, and further, the solu-

^ Indikatoren der Acidimetrie und Alkalimetrie, p. 28.

- Proc. '^th Congress Applied C/iemistry, 1903. " Z. aiigeu: Cliem., 1903, 16, 820.
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tion creeps up and evaporates at burette jets and on the neck of flasks,

thus giving rise to serious errors, unless this action is continuously

watched.

Potassium hydroxide solution is made up similarl)- to sodium
hydroxide, allowance being made for its higher molecular weight and
also for the greater proportion of impurities that are generally contained,

in weighing out the quantity required for the preliminary solution.

Barium hydroxide solution is usualh' made of empirical strength. The
following method is given b}- Stutzer.^ Thirty-five g. barium h\droxide
and 5 g. barium chloride are dissolved in i litre of water. To obtain

a clear solution on filtration, the bottle for receiving the solution is

washed out with very dilute hydrochloric acid, a layer of petroleum about

lo to 12 mm. deep placed on the bottom, and a funnel, with a long exit

tube reaching down to the layer of petroleum, placed in the neck ; a

filter paper is carefully fitted into the funnel by moistening it with

distilled water, and is then also partially filled with petroleum. The
flask, containing the solution to be filtered, is placed at a higher level

than the funnel and its contents syphoned off through the latter. The
filtered solution is shaken by giving the contents of the bottle a rotatory

motion, whereby contact with the air is reduced as much as possible.

In the following table the analytical value of i,
\, 4, and ^ normal

solutions of alkali are given, expressed in grams per c.c. of solution :

—
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Referring to the explanation given on p. 8i, it will be seen that a

normal solution would yield o-oo8 g. available oxygen per c.c, and

would be obtained by making up 31-64 g. pure potassium permanganate

to a i-litre solution. A solution of this strength would, however,

be liable to crystallise at low temperatures, owing to the slight solu-

bility of the salt; hence solutions stronger than N'l2 are never pre-

pared, and much more dilute solutions are very frequentl)- used, e.g.,

A710, A720, A750, or even AVioo. The use of such dilute solutions is, in

this case, consistent with accuracy, since an indicator, in the ordinary

sense of the term, is not used ; on the other hand, when an indicator

is specially added to show the end of a reaction, by means of a

colour change, the latter is brought about by mass action between

the ions, and hence the addition of a certain excess of the titration

liquid is always necessary. In the case of permanganate solution, the

very intense colour of the MnO'^ ion is independent of the corresponding

positive ion H* or K", etc. The liquid will, of course, remain colourless

as long as the MnO^ ion is destroyed and converted into other

colourless ions, according to the above reaction ; at most, the

solution will assume a slight coloration, owing to the formation of

ions from other substances taking part in the reaction, e.g., the formation

of tervalent from bivalent iron. In the dilute solutions used for these

titrations such colorations are extremely slight, and disappear alto-

gether when compared wuth the colour of the permanganate ion. An
excess of even one drop of N'jioo permanganate solution in 100 c.c. or

more water, produces the intense purple, or in small quantities, light-red

colour of the permanganate ion, and thus indicates the end of the

reaction.

The main reason for using the standard solution fairly strong is, that

otherwise, in most cases, an inconveniently large volume of the solution

would be required to complete the titration. Another reason wh}-

very dilute permanganate solutions should only be used in

exceptional cases, is that permanganate acts on the impurities which

are present even in ordinary distilled water, and its available oxygen is

thus decreased. A freshly prepared permanganate solution should

therefore never be used immediately, but should be left to stand for at

least three or four, or better for eight to ten da}'S, before it is standard-

ised ; the impurities in the water will then be completely oxidised.

The standardisation of a very dilute permanganate solution cannot, how-

ever, be made very accurate by any method, since the weight of substance

or volume of solution to be titrated must necessarily be small, and thus

the unavoidable experimental errors greatly influence the result. The
obvious artifice of first preparing a concentrated solution, standardising

it accurately and then diluting, leads of course to inaccuracies, owing to

the action of permanganate on the water used for dilution, and it is not
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easy to determine the extent of these errors and to allow for them.

These difficulties can be surmounted by adding a little permanganate to

the water to be used for dilution, and leaving it to stand for from eight to

fourteen days ; when it is only just possible to detect a pale red colora-

tion on looking through a considerable depth of this water, it may be used

for diluting stronger permanganate solutions without appreciable error.

Again, no appreciable error is incurred if a permanganate solution is

diluted with ordinary distilled water and used imviediatcly, and this

again leads to the conclusion that dilute permanganate solutions should

not be kept in stock; strong solutions (at least i/io normal) should be

prepared and accurately standarised and diluted to iV/20, A750, or

A7ioo for immediate use, according to requirements.

The permanganate solutions formerly used were unstable, because

pure crystallised potassium permanganate was hardly obtainable, and

the solutions contained manganate and deposited manganese dioxide.

At the present time there is no reason why permanganate solution

should not keep, provided it is protected from evaporation, dust, etc.

Oddy and Cohen ^ state that permanganate solutions lose 2 to 3 per

cent, of their oxidising value in four months, whether exposed to light

or not. Their observations, however, are insufficient in number and in

accuracy. Treadwell - found that a well-protected permanganate

solution lost only 0-17 per cent, of its oxidising value, after keeping for

eight months ; he recommends that the solution be re-standardised

every two or three months, if great accuracy is required. Lunge has

observed a decrease of 0-2 per cent, after three months, and agrees with

Treadwell's recommendation.

For the sake of certainty, however, a check is desirable in this case,

as with every standard solution which has been kept for lengthy periods
;

it is impossible to know to what extent small errors, due to some
unknown source, may accumulate and finally produce an error which

would vitiate results. If this condition is attended to, there is no

reason why the value of the solution should be made empirical, neces-

sitating the use of a factor every time a titration is to be calculated, as

used formerly to be directed. On the contrary, solutions may be

prepared in definite molecular proportions, just as in the case of

standard acid or standard iodine solution ; or, if estimations of only one

particular kind are to be made, e.g., iron estimations, the permanganate

solution may be so prepared that i c.c. of the solution corresponds to

(say) o-oio g. iron.

Permanganate solutions are, of course, subject to change if in contact

with organic matter ; such change is made visible by a separation of

brown manganese dioxide. Hence the solutions cannot be filtered

through filter paper and must be protected from all forms of dust.

^
J. Soc. Chem. Ind., 1S90, 9, 17. - Analytical Lheinisiry, vol. ii., p. 481.
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They should be stored in bottles with well-fitting, ungreased glass

stoppers. It is desirable to protect them from direct sunlight. Pinch-

cock burettes must not be used for permanganate titrations, on account

of the rubber, although the error thus caused is, according to de
Koninck,^ much smaller than is usually assumed, and is in fact negli-

gible in most cases. Gay-Lussac or other delivery burettes were
formerly in use

;
burettes with glass stopcocks are now exclusively

used, preferably without grease. Lunge- states that a small quantity

of vaseline on the stopcock does not influence the results.

Permanganate solutions often deposit a small quantity of man-
ganese dioxide on keeping; this should of course not be shaken up
and mixed with the liquid, as such a procedure would obviously vitiate

the results. On the other hand, the stock-bottle should be shaken
before use, to mix the solution with the water which has evaporated and
condensed on the interior of the empty part of the bottle ; hence, as

soon as such a deposit is noticed, the contents of the bottle should be
left to settle for at least twenty-four hours and then carefully decanted
into another bottle, neglecting the last portions containing the precipi-

tate. The solution must then, of course, be re-standardised. For
accurate work, it is better, however, onl}- to use solutions which have not

precipitated any manganese dioxide.

On account of the deep colour of concentrated solutions, the upper
meniscus of the solution should be read ; dilute solutions, on the other

hand, allow of the lower level of the meniscus being read as usual. The
floats (p. 48) designed for use with permanganate solution have dis-

advantages, and it is better to work with a reading screen (p. 49).

Permanganate titrations are generally carried out in sulphuric acid

solution. Hydrochloric acid has the great disadvantage of acting on

potassium permanganate, even in very dilute solution, chlorine being

liberated ; hence solutions containing chlorides cannot be titrated with-

out special precautions. This point was investigated by Kessler, and

subsequently by Zimmermann, who showed that perfect accuracy is

attained, provided a fairly large quantity of manganous sulphate is

added to the liquid to be titrated ; a solution containing 200 g. of the

crystallised salt per litre is used, and about 20 c.c. of this solution are

added.^ Even with this precaution available, the presence of chlorides

should be avoided or limited as far as possible, since the marked colour

of ferric chloride hinders the recognition of the end-reaction.

Pure, dilute nitric acid is, like sulphuric acid, indifferent to per-

manganate ; the lower oxides of nitrogen, however, reduce perman-

ganate, and this action affords the best method for their estimation.

^ Private communication to Prof. Lunge. - /.. aiigeu: L'lienu, 1904, 17, 197.

' For an explanation of this action, cf. J. Wagner, Massanalylisclie Sludiin,ip. 77 ; Gooch and

Petcri, Z. anorg. C/iein., 1S99, 21, 1S5 ; Skrabal, Z. anal. Chem., 1903. 42, 3:9-
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A normal pcnnangauate solution cannot be prepared b}' simpl}'

dissolving a weighed quantit}' of potassium permanganate and diluting

to a definite volume, parti)' on account of the above-mentioned action

on distilled water, and partly because the "chemicall}' pure " commercial

salt generally' contains a little potassium sulphate, chloride, nitrate, or

other impurities ; it cannot be regarded as lOO per cent, potassium

permanganate, although Gardner, North, and Taylor^ have recently

asserted the contrary. For these reasons, a little more than the calcu-

lated amount of the salt is weighed out, about i6 g. for N\2 solution, 3-2 g.

for A710 solution, etc. ; this is made up to i litre of solution at 15, and left

to stand for about a week before standardisation. It is not advisable

to dissolve the salt in the litre flask, as the presence of undissolved

crystals may easily be overlooked, owing to the dark colour of the solu-

tion. The weighed quantity of the salt is preferably dissolved in warm
water in a beaker, the solution poured into the litre flask, and any of the

salt that ma}' have remained behind in the beaker then dissolved in

more water.

Very many methods have been suggested for fixing the strength of a

permanganate solution ; only a limited number of these can be referred

to, and only a few will be described in detail.

The oxalic acid method was formerly regarded as the most reliable,

provided the purity of the oxalic acid is ascertained by referring it

back to pure sodium carbonate. Sbrensen has, however, shown that

sodium oxalate can be obtained quite pure and free from hygroscopic

water, and his recommendation of this salt for the standardisation of

permanganate solutions has been fully confirmed by Lunge (cf. infra).

I. Oxalic Acid method. — This method, proposed by Hempel, is

based on the oxidation of oxalic acid, in presence of sulphuric acid, to

carbon dioxide and water :

—

5C.H.p^ + 2KMnO, + 3H.SO, = loCO, + 8H,0 + K,SO, + 2MnSO,.

The reaction proceeds slowly in the cold, rapidly at 40 to 50°

;

even at this temperature the first drops of permanganate are not

immediately decolorised. When once the reaction has started, however,

it proceeds rapidly, owing to catalytic action on the part of the

manganese salt ; the drops of permanganate are then decolorised the

instant they reach the liquid, and the final colour change, from

colourless to light red, is sudden and very sharp.

The above equation shows that 5 x 90-03 = 450-15 parts anh)-drous

oxalic acid require 80 parts oxygen ; hence one part anh}'drous oxalic

acid corresponds to 0-17772 parts ox}-gen. This refers to anh}drous

oxalic acid, whilst normal solutions of oxalic acid are prepared from the

crystallised acid C.^H.^O^ . 2H0O, molecular weight 126-05, equivalent

1
J. Soc. C/iem. In<i., 1903, 22, 731.
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63-025. As Riegler^ has pointed out, standard oxalic acid solutions

may be rendered more permanent by an addition of sulphuric acid and

by protecting them from light ; nevertheless, these precautions by no

means ensure absolute permanence of the solution, and this fact, quite

apart from the absence of any guarantee of the purity and dryness of

the oxalic acid, renders it impossible to apply the solution directly

to the standardisation of permanganate.

If it be, nevertheless, desired to use this direct method, results of

any practical value can only be obtained by using perfectly anhydrous

oxalic acid, purified by the somewhat tedious method described abo\e

(p. 91), and not the pure commercial acid. The acid must be finally

dried for six to eight hours at 60" to 80° in the weighing-bottle itself,

and the bottle must be kept tightly closed during weighing ; it is then

dissolved in about 20 c.c. of water and strongh- acidified with sulphuric

acid.

But even when the method is thus modified, it is impossible to be

certain that the results will be absolutely reliable. On the other hand,

Lunge - has shown that accurate results are obtained by preparing a

solution from pure, ash-free oxalic acid and determining its strength by

acidimetry ; thus the substance to which the permanganate is

primarily referred is not a weighed quantity of oxalic acid, the

amount of water in which can never be known with certaint}-, but

sodium carbonate, which can- be obtained in a condition of undoubted

purity and dryness {cf. p. 83). In this method hydrochloric acid, best

about jV/5, is first standardised against sodium carbonate, using methyl

oransre as indicator, and this used to standardise a barium hvdroxide

solution of about TV/S strength (p. 92) ; the latter is then used to titrate

the oxalic acid solution, with phenolphthalein as indicator, any excess

of baryta being titrated back with .A' 5 hydrochloric acid. In this way

the true amount of oxalic acid in the solution can be found, with a

possible error of ± -oViro. pi'ovided all necessary precautions are taken,

viz., the use of calibrated burettes and pipettes, the introduction of

corrections for temperature, etc. Fifty c.c. oxalic acid are then measured

out, using the same pipette as was employed in the above acidimetric

determination of the acid, 5 c.c. sulphuric acid and 200 c.c. water, at about

70^ added, and the strength of the permanganate solution deter-

mined; I c.c. .V 5 barium hydroxide solution corresponds to 0'Oi26o5 g.

C,H.,0^. 2H0O, or o-oi 1 18 g. Fe, or o-ooi6 g. available oxygen.

The permanganate, thus standardised, should be used at once to

determine the value of a stock of iron wire by method No. 2 described

below. When it is subsequently required to standardise permanganate

it is more convenient to titrate against this iron wire than against

1 Z. anal. Chem. 1896, 35, £22
;
/. Cliem. Sjc. Ali/r., 1S96, 70, 676.

- Z. aiigew. Chem., 1904, 17, 268.



POTASSIUM PERMANGANATE 105

oxalic acid, since the permanence of the latter cannot be relied upon,

nor can it be secured by addition of sulphuric acid, since this would

exclude its standardisation b}' the above acidimetric method.

Kraut ^ has recommended the substitution oi potassium tetroxalate

(p. 92) for oxalic acid, as it can be prepared in a pure state and is

permanent in the air. Ulbricht and Meissl, ^leineke, and others

recommend the use of this salt ; as alread}' stated, however (p. 92), its

composition, whether dried at the ordinary or at a higher temperature, is

far too uncertain. It should therefore only be employed when its value

has been ascertained by the sodium carbonate, h\-drochloric acid,

barium h}-droxide method.

-

Riist^ gives the preference to uiaugaucse oxalate, prepared by

precipitation and dried between filter paper ; it is then said to exactly

correspond to the formula with two molecules of water of cr\-stallisation.

This, however, would appear to be hardly reliable.

Barbieri and Neppi ^ employ ferrous oxalate.

Sorensen {cf. p. 85) recommends the use of chemically pure sodium

oxalate, prepared by Kahlbaum from his directions ; for accurate work

the salt must be placed for a few hours in a drying oven at loo and left

to cool in a desiccator, over calcium chloride. It is then dissolved

in water in a flask, and titrated in sulphuric acid solution. Ten c.c. X\\o
potassium permanganate solution correspond to 67-05 mg. sodium

oxalate, or o-i g. of the latter to 14-91 c.c. of the former. Lunge''

confirms the accuracy of this method, and recommends it, in preference

to all others, for the standardisation of permanganate.

2. Iron method.—Very fine soft iron wire is used as the basis of this

method ; it should be cleaned with emery paper and rubbed with writing

paper before weighing. It is, of course, not pure iron and may contain

0-3 per cent, or more of impurity. As Treadwell has pointed out, this does

not impl)' that the value of the wire is equal to that of the contained

iron; on the contrary, it may exceed lOO per cent., owing to its

content of carbon, silicon, phosphorus, etc. To avoid errors, which

may be considerable, its value must be determined as described below.

To check an .V;2 permanganate solution, a piece of wire weighing

about 1-25 g., for an A'''io solution a piece weighing about 0-25 g., is

weighed to within o-oooi g. The wire is then stretched out, its length

measured, and a number of pieces of the same length cut off; these can

then be very rapidly weighed, as their approximate weight is known.

Each piece will require nearly, but not more than, 50 c.c. of perman-

ganate solution.

' Annalen, 1863, 126, 6?9.
-'

Cf. Reinhardt (communication to Meineke), Z. uffentl. C/ieiii., 1S9.S, 4, No. 13.

^ Z. anal, Chem., 1902, 41, 606
;
/. Soc. Clum. InJ., 1902, 21, 1413.

* Rend. Soc, C/iiiii. Roma. 3, 16.

* Z. angew. Chem., I9?4, 17, 230 and 2G9 ; I905, 18, 1520.
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KiG. 38.

The weighed wire is then dissolved in hot dilute sulphuric acid, in

absence of air ; this may be effected in a flask fitted with a Bunsen valve

(Fig. 38), or in any similar form of apparatus ;
or a flask pro-

vided with a tube, bent twice at right-angles and dipping

into a beaker containing sodium bicarbonate solution, may
be used. If the flame is removed when the iron has dis-

solved, the bicarbonate solution is sucked back and cools the

contents of the flask, whilst the carbon dioxide evolved keeps

out the air.^ The device (Fig. 39), designed by Contat- and

improved by Gockel,^ is much more convenient than any of

the above arrangements. It consists of a bulb provided with
'^l'

a .syphon overflow tube, which is fitted into the flask in which

the iron is dissolved. The amount of water or sodium bi-

carbonate solution, placed in the bulb at the beginning of the experi-

ment, should be such that the end of the longer arm of the syphon

just dips below its surface, and this level

is not altered until boiling is finished
;

a saturated sodium bicarbonate solution

is then poured into the bulb, which will

be sucked into the flask as the contents

cool, until the pressure of the carbon di-

oxide balances that of the air ; the solu-

tion remaining in the bulb protects the

contents of the flask from the air.

The standardisation of permanganate
by means of iron has been subjected to

detailed investigation by Skrabal.'* He
found that the apparent value of a sample

of iron wire, when determined by per-

manganate, was 100-03 to IOO-2I per

cent., whereas the actual amount of iron

contained was only 99-38 per cent, (to-

Fio.39- gether with 0-03 P, 0-31 Mn, 0-185 Cu,

0023 S, 009 C). He therefore rejects

the method as unreliable, and attributes its inaccuracy to the fact that

although the carbide in the wire is not decomposed, even by boiling with

permanganate, it is decomposed when warmed with permanganate for

a long time in presence of a ferrous salt, since it acts as an " acceptor
"

in the oxidisation of the ferrous sulphate. For the standardisa-

' Jahoda, Z. angew. Chetn., 1889, 12, 87.

- Chem. Zeit.y 1898, 22, 298.

* Z. angeiu. C/iem., 1899, 12, 620
; /. So:. Chem. Iiui., 1899, 18, 70S. Tlic appaialus is iiKide by

Alt, Eberhard, & Jaegar, llmenau, and by Gockel & Saucr, Beilin.

* Z. ana!. C':en:., 1903, 42, 359.
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tion Skrabal uses either chemicalh- pure iron, or iron wire of

known composition, i.e., of definite value ; the iron is dissolved in

sulphuric acid, 15 c.c. .A' 10 permanganate added to the warm solution,

which is then left to stand over-night in a warm place, whereby the

carbides are completely oxidised
; concentrated hydrochloric acid is then

added, the solution heated to boiling, reduced with zinc, and titrated

with permanganate. These directions are doubtless good, but uniform

and correct results can be obtained without this complication, provided

due care is taken to adhere to the same conditions of dilution, heating,

etc., both in standardising and in the subsequent use of permanganate.
The cold iron solution is titrated with permanganate until a faint

rose-red coloration is obtained, and remains permanent for thirty

seconds ; it is not necessar\' that it should be permanent for longer. If

the number of c.c. used is divided into the number which would have

been required had the permanganate been accurately normal, a coefficient

is obtained by which every reading must be multiplied
; it is preferable,

however, to dilute the solution to the normal value. Supposing 40-00

c.c. of a correct normal solution would have been required, whilst in

the experiment only 39-00 c.c. were used, then the coefficient is

=1-0256; hence the solution will be corrected bv the addition of
39-00 ^

25-6 c.c. of water to every lOOO c.c. of the solution.

In order to avoid the uncertainty due to the composition of the iron

wire, Classen has proposed the use of electrol}'ticalh' deposited iron.

The iron is deposited on a platinum dish, by electrolysing a solution

of ferrous ammonium sulphate containing ammonium oxalate ; the

deposited iron is washed with water and alcohol, dried at 80 to ioo\

weighed, dissolved in sulphuric acid, and the solution titrated with

permanganate whilst still in the dish. Even supposing that the electro-

lytically deposited iron is pure, it is questionable whether oxidation

during drying and dissolving is not a source of greater errors than are

incurred when iron wire is dissolved in a flask provided with a valve,

assuming the actual percentage of iron to be 99-8.

Treadwell^ also recommends the electrolytic method, which he

modifies by depositing the iron on a small c}'linder of platinum foil and
dissolving it in air-free sulphuric acid, in a current of carbon dioxide.

Skrabal- found o-io to 1-47 per cent, impurities, including h}'drogen,

in electrolytic iron obtained by Classen's method. He gives an alterna-

tive method for preparing pure electrolytic iron, but according to

Classen,^ the iron thus obtained is not pure.

Avery and Dales'* have shown that iron, deposited electrolytically

from ammonium oxalate solutions, contains 0-21 to 0-42 per cent, of

' AnalyLical Chemistry, vol. ii., p. 8l. -^ Ibid., 1 903, 42, 516.

- Z. anal. Cliem., 1903, 42, 339.
* Berichte, 1899, 32, 64 and 2233.
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carbon, and that a small quantity of iron, on an average 0-35 per cent.,

is always left in solution. Whilst Verwer and Groll ^ contend that the

deposition is complete and free from carbon, the results of Avery and
Dales have been fully confirmed by Kohn, Brislee, and Froysell.'- Accord-
ing to their experiments, the electrol}'tic method gives results from. 0-2 to

0-3 per cent, too high, calculated on the weight of iron deposited, and its

apparent accuracy is due to the compensating errors of incomplete

deposition and the presence of carbon ; the percentage of the latter

varies from 0-43 to 0-74, according to the length of time of the electro-

lysis, whilst o-i to 0-2 per cent, of iron is left in solution.

Ledebur^ states that he has never found the value of iron wire to

exceed 100 per cent., and that it is safe to use the percentage of pure

iron present, as a basis ; to determine this percentage, however,

accurately to within O-i per cent, is a matter of great difficulty, and
in any case carbides, etc., notoriously act as reducing agents.

According to Lunge,^ electrolytic iron cannot be relied upon as pure
;

on the contrary, its use may lead to errors of several units in the first

place of decimals. It is very much better to determine the value of

a large stock of iron wire by means of permanganate, after having

previously standardised the latter by oxalic acid, referred to pure
sodium carbonate (p. 104). Since sodium oxalate is free from all the

uncertainties connected with the use of iron, it forms a far more reliable

basis for standardisation than the latter.

3. Ferrous Ammonium Sulphate method. — The double salt

FeSO^.(NH4)._,S04.6HoO, sometimes called ^^lohr's salt, is more stable

than ferrous sulphate, and was therefore recommended by Mohr for

standardising permanganate. The dissolving of the iron is avoided and
the errors arising from the uncertainty, due to the variable amount of

carbon in iron wire are eliminated. Still greater uncertainty is, however,
introduced, owing to the presence of water of crystallisation and of im-
purities in the salt. The commercial salt is quite unreliable, and it is

difficult to prepare a perfectly pure salt containing exactly the right

amount of water of crystallisation. Where errors of some tenths per
cent, are not of consequence, this salt may be used for standardising

;

it cannot be recommended for accurate work. The value of the salt

is 14-29 per cent, of that of iron, i.e. almost exactly one-.seventh.

Graeger, and subsequently Biltz, proposed the use of ferrous

sodium sulphate, Na.SO^. FeSO^. 4H.,0, in place of the ammonium
salt, but it has not come into general use.

Meineke^ also considers ferrous ammonium sulphate to be quite

unreliable, and recommends the use of iron alum ; this is reduced with

1 Bei-ickte, 1899, 32, 806. - Brilish .Association Keporis, 1900, p. 174.
^ Sla/ihtnii Eisen, 1903, 22, 1242 ; cf. also, Tiiiele and Deckcrt, Z. angeu: C/iem., 1901, 14, 1233.

* Z. angew. Chem., 1904, 17, 265. •' Z. offenl/. C/iem., 189S, 4, No. 13.
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stannous chloride, mercuric chloride finall}- added, and the solution

then titrated with permanganate, following Reinhardt's directions.^ The
amount of iron in the "chemically pure" iron alum must be checked

by precipitation with ammonia. Wdowiszewski - has proposed a

method in which he prepares " chemically pure ferric oxide "
; this is

reduced with stannous chloride, and then used to standardise perman-
ganate. GintP' uses a spiral of palladium wire, saturated with hydrogen,

as reducing agent, and prefers this to all other methods of reduction.

4. Volhard's^ lodimetric method.— If a permanganate solution is

added to a solution of potassium iodide, acidified with h)-drochloric or

sulphuric acid, a quantit}- of iodine is liberated, which is equivalent to

the amount of available oxygen in the permanganate. The iodine

dissolves in the excess of potassium iodide solution, and its amount
can be determined by adding excess of sodium thiosulphate and titrating

back with standard iodine solution :

—

KMnO, + 5KI + 8HC1 = 5I + 6KC1 + MnCl., + 4H,0.

This process, though theoretically quite correct, has the disadvantage

of requiring two additional standard solutions, on the accuracy of which

the process is dependent ; the unavoidable summation of small errors

may easily lead to a final error of several tenths per cent,

Volhard gives a series of examples, according to which his method
gives similar results to those obtained with sodium oxalate, iron

ammonium alum and iron wire. The data, however, show discrepancies

up to 0-3 per cent., and it must be borne in mind that both iron

ammonium alum, and iron wire may lead to errors of several units in

the first place of decimals, when used for the primary standardisation

of permanganate, so that Volhard's examples cannot be considered as

proof of the accuracy of his method. F. Dupre'' states that the method
gives accurate results.

5. Titration with Hydrogen Peroxide.—Morse and Chambers '' add
neutral hydrogen peroxide to a measured volume of standard sulphuric

acid
;
permanganate solution is then run in from a burette, until only a

small excess of hydrogen peroxide remains, and the free acid is then

titrated back. The decomposition is represented by the equation :

—

2KMnO, + 5H.O, + 3H0SO, = KoSO, + 2MnS0, + 5O0 + 8H0O.

6. Gas-volumetric, Hydrogen Peroxide, or Nitrometer method.'—
This method is not used as frequenth* as it deserves, partly because all

laboratories are not provided with the necessary apparatus, although it

' Stahl und Eisen^ 1884, 4, 704 ; Chem. Zeil., 1889, 13, 323.

2 Stahlu. Eisen, 1901, 21, 816. * Atinalen, 1879. 198 333.
' Z. angew. Chem,, 1902, 15, 431. ' Z. angeu: Lhevi.^ I904, I?, 815.

^ Amer. Chem. J., 1896, 18, 236 ; Z. anal. Chem., 1898, 37, 183.

' Lunge, /. Soc. Chetn. Ind., 1890, 9, 21. Cf. also, H. v. Juptner, Osterr. Zeil.fur Berg, und
Hiittenwesen, 44, 371 ; Vannino, Z. angeu: Chem., 1890, 3, 80

;
/. Soc. Chem. Ind., 1890, 9, 55:?.
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is applicable to a number of other purposes, and partly because it

belongs to a sphere foreign to the usual applications of permanganate.

It has certain fundamental advantages over all other methods. It

requires neither balance nor weights, a point of interest rather than of

practical importance ; more important is the fact that it dispenses with

the use of any primary substance of undoubted purity, the requirement

which puts such great difficulties in the way of other methods. In

addition, none of those detours are involved which lead to an accumu-

lation of small errors. The available oxygen is measured directly, with

the qualification that its volume is doubled by an equal volume of

oxygen derived from the hydrogen peroxide, which halves the error

of measurement. The gas is measured over mercury, so that the

measurement can quite easily be made accurate to 1/40 c.c, and an

accuracy to i/ioo c.c. can be attained by taking special precautions, such

as reading the volume of gas with a cathetometer, etc.; since the volume

of gas measured exceeds 100 c.c, the error in measurement is reduced

to 1/4000 or i/ioooo, provided an accurately calibrated nitrometer is used,

a degree of accuracy which cannot be attained with burettes, etc. The
use of an accurate thermometer and barometer, or as an alternativ-e, of a

calibrated "gas-volumeter" and an accurately adjusted "reduction

tube," are, of course, assumed. This degree of accuracy will not be

attained in the standardisation of dilute permanganate solutions, since

the amount of liquid which can be treated in the nitrometer is limited
;

but this applies to all other methods, since the standardisation of dilute

solutions is always relatively less accurate than that of strong solutions

(p. 100).

The method is based on the following reaction between hydrogen

peroxide and a solution of potassium permanganate, strongly acidified

with sulphuric acid :

—

2KMnO, + 3H0SO, + 5H.,0,, = K.SOj + aMnSO, + 8H,0 + 5O,,.

Thus, whichever of the reagents is not in excess gives up the whole of

its available oxygen, and this is increased by an exactly equal volume
of oxygen derived from the other reagent.

The available oxygen in hydrogen peroxide can be determined by
decomposing it with an arbitrary amount of permanganate, provided the

latter is in excess, and similarly the available oxygen in permanganate
can be estimated by using an excess of hydrogen peroxide ; it is then

only necessary to measure the volume of ox}-gen evolved, to reduce

this volume to o" and 760 mm., and halve the result. The reaction

proceeds quite smoothly and is quantitative ; the solutions retain no
oxygen, since they were previously saturated with air. Certain simple

precautions must be observed : viz., a large excess of sulphuric acid must
be present, but not too large an excess of hydrogen peroxide ; the
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apparatus must be adjusted immediately the solutions have been mixed,

and attention must be paid to those conditions which must be observed

in all gasometric methods, such as uniformity of temperature, etc.

The latter is easily attained, since the reaction involves no appreciable

rise of temperature.

Any form of apparatus for gasometric anah'sis can be used for the

determination ; to ensure great accuracy, the evolved gas should be

measured over mercury. Lunge's nitrometer with attached bottle

is particularly suitable for the decomposition, and by employing it or

similar apparatus, in conjunction with a " gas-volumeter," the calculation

of the volume of oxygen to standard conditions is saved. Both
instruments will be described subsequently (pp. 132 and 138); the

following description is therefore restricted to their application to the

valuation of permanganate solutions.

Since i litre of dry oxygen at o" and 760 mm. weighs 1-429 g. in

these latitudes, and half of the evolved oxygen comes from the per-

manganate, every c.c. of the measured volume corresponds to 0-7145

mg. available oxygen in the permanganate. Hence i c.c. of an accu-

rately semi-normal permanganate solution will give 5-597 c.c. of oxygen
(N.T.P.) ; an .V/io solution will give 1-119 c.c. ox}-gen per c.c. of solution,

and so on. It is not practicable to decompose much more than 20 c.c. of

permanganate solution at a time, so that it is best to take exactly

20 c.c. An Xi2 solution will then give about 1 1 2 c.c. gas (N.T.P.), an Xjio
solution about 20 c.c. ; ordinary conditions of temperature and
pressure will increase these volumes by from 5 to 15 per cent, so that for

an A72 solution a nitrometer with a 1 50 c.c. bulb tube should be used
;

for an A710 solution, one with a 50 c.c. straight tube w^ill suffice.

The valuation is conducted as follows : 20 c.c. of permanganate
solution are accurately measured into the outer compartment of

the decomposition bottle and 30 c.c. dilute sulphuric acid (1:5)
added. For X^2 permanganate, 15 c.c. ordinary commercial hydrogen
peroxide are then introduced into the inner vessel of the decomposition

bottle, by means of a pipette ; for weaker solutions less peroxide is

taken. A preliminary experiment should be made, in a beaker, to ensure

the presence of an excess of hydrogen peroxide ; any considerable

excess is unnecessary and may constitute a source of error, but the

results are quite accurate even when double the theoretical amount
of hydrogen peroxide is taken. The decomposition bottle is then

closed by the stopper, and the resulting excess pressure relieved by
momentarily opening the tap of the measuring tube ; after making
sure that the mercury fills this tube right up to the tap, the latter is

turned so that the measuring tube communicates with the decomposi-
tion bottle. The solutions in the bottle are then mixed, by tilting, and
the bottle shaken for exactly three minutes ; shorter shaking is not
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sufficient, and longer shaking may vitiate the results. The level of the

mercury in the pressure tube and the measuring tube is then adjusted

and the stopcock closed. The decomposition bottle should be held by the

rim when being shaken, and the usual precautions must be taken to avoid

an\' warming of the measuring tube and bottle. For accurate work, it

is preferable to place the bottle, before the decomposition, in a vessel

containing water at the temperature of the room, and to replace it in

this vessel after shaking and before adjusting the pressure tube, so that

the temperature is the same at the beginning and at the end of the

experiment.

The volume of gas in the measuring tube is then calculated to N.T.P.,

allowance of course being made for the tension of aqueous vapour

;

or the correction may be made by the gas volumeter. Each c.c. of the

corrected volume equals 0-7145 mg. available oxygen in the perman-

ganate used; supposing that 20 c.c. of the latter gave 112-75 c.c. gas,

, ,
. 112-75 XO-7I45

then I c.c. permanganate would contam ' =4-031 mg. avail-

able oxygen. This corresponds to a solution a little stronger than

semi-normal, and having the factor 1-0077.

The oxalic acid and iron methods require an appreciably longer time

to carry out than this hydrogen peroxide method, and are, moreover,

dependent upon the use of pure substances. The deviations in these

methods do not exceed i/iooo, which is really the limit of possible

accuracy in individual observations with them all ; this has been shown

both by Lengfeld^ and by Lunge.- Comparative experiments by

Vanino,^ using the azotometer and the iodimetric method, confirm this

conclusion ; this author gives a table for the weight of i c.c. of ox\-gen

at different temperatures and pressures.

The applications of permanganate are extremely numerous, and

include the estimation of iron, oxalic acid and oxalates, nitrous acid and

nitrites in sulphuric acid solution, potassium ferrocyanide, tanning

materials, and hydrogen peroxide ; it is also used indirectly, for titrating

back excess of reducing agents, e.g., ferrous oxide in the estimation of

nitric acid, nitrates, chlorates, manganese dioxide, peroxides, bleach, etc.

lODIMETRY

The iodimetric methods of volumetric analysis were introduced by

Bunsen, and are now very extensively used ; they are amongst the most

accurate known, owing to the extreme sensitiveness of the indicator,

starch solution, that is employed.

Iodine oxidises many substances indirectl\-, b\' combining with the

' Z. angew. Chem., 1890, 3, li. - Ihid., 1904, 17, 270.
'" Ibid., 1890, 3, 80

; / Soc. Chem. hid., 1890, 9, 552.
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hydrogen of water, liberating the ox}-gen, which then combines with

other compounds present. In other cases it combines directly with the

hydrogen or sodium in the substance to be estimated, as in the deter-

mination of hydrogen sulphide and of sodium thiosulphate.

The " re-sublimed iodine " of commerce is a very pure product, which

may be used for many purposes without further purification ; it only

requires to be dried in the exsiccator to free it from water, for the

preparation of normal solutions. For accurate standardisation, however,

the iodine must be further purified (p. 1 18).

An A710 iodine solution is generally used ; it is prepared as follows :

12-7 g., or a little more, pure re-sublimed iodine are weighed out on a

rough balance and shaken into a litre flask containing a solution of 1

5

to 18 g. potassium iodide in about 30 g. water; the flask is closed,

shaken till the iodine is completely dissolved, and then filled up to the

mark. The solution is then titrated against .A' 10 arsenious oxide or

sodium thiosulphate solution, previously standardised by perfectly pure

iodine (p. 118).

For the estimation of small quantities of sodium sulphide a special

solution, prepared by dissolving 3-252 g. pure iodine and 5 g. potassium

iodide and diluting to i litre, is sometimes used ; i c.c. of this solution

= o-ooi g. sodium sulphide.

The use of JVIioo iodine solutions has been recommended, on the

ground that it can be used in pinch-cock burettes ; experiments by

Lunge 1 have shown, however, that such dilute solutions readily attack

rubber. Further, a comparatively large excess is necessary to give a dis-

tinct blue coloration with starch, though this disadvantage can be

lessened by using a large excess of potassium iodide.- Iodine solutions

should be kept in well-stoppered bottles and stored in a cool place ; the

strength should be checked about once a month, as the contained iodine

is distinctly volatile. For this reason the solution, when in use, should

be kept out of contact with the air as much as possible, and the titrations

should be conducted in bottles or narrow-necked flasks, not in beakers or

dishes ; for the same reason, the iodine should be run into the solution

to be titrated, whenever possible, and not vice versa. This does not

apply to the titration of sulphites, since the action of atmospheric oxygen
on the sulphite must be avoided (cf. infra). Burettes with glass taps

should be used and the taps greased with vaseline. The top of the

burette should be kept well closed, and only be opened sufficiently, when
in use, to allow the solution to flow from the burette. The volatility of

iodine must also be borne in mind when gases containing sulphur

dioxide or sulphuretted hydrogen are bubbled through iodine solution,

in order to absorb these gases.

In conjunction with the iodine solution, starch solution is used as

' Z. angew. C/iein., 1904, 17, 197. - Treudwell, Analytical Chcinisiry, \o\. ii., p. 513.

H



114 GENERAL METHODS USED IN TECHNICAL ANALYSIS

the indicator, and either sodium thiosulphate or arsenious oxide solutions,

of corresponding strength, as the reducing solution.

Starch solution may be prepared as follows :— 3 g. potato starch are

ground with a little water to a uniform paste, and gradually added to

300 g. boiling water in a porcelain dish ; boiling is continued until an

almost clear solution is obtained. This is allowed to settle in a deep

vessel, and the clear liquid filtered and saturated with common salt. The

solution keeps for a considerable time if kept in a cool place
;

it should

be discarded as soon as fungoid growths are observed in it. The

addition of mercuric iodide ^ preserves the solution.

Zulkowsky's soluble starch is a more convenient reagent; it is

obtained in the form of a thick paste, which should not be allowed to

dry up ; a small quantity is taken out, on the end of a glass rod, as

required for use.

De Koninck - recommends grinding 2 g. of potato starch into a paste

with cold water and adding this to a litre of boiling water ; the whole is

then boiled for two or three minutes, and 8 c.c. of a 10 per cent,

solution of potassium iodide, saturated with mercuric iodide, added.

The solution is allowed to cool, poured into a tall glass cylinder, and the

clear portion decanted, after standing for one or two days. Starch

solutions prepared in this way keep perfectly well for years.

Wroblewski^ uses potassium hydroxide for preparing soluble starch,

Forster,^ hydrochloric acid, and Syniewski,-^ sodium peroxide. Another

preparation is known as "ozone starch " (manufactured by C. Conrad,

Kyritz) ; this is best rubbed up with cold water, poured, with stirring,

into boiling water and rapidly cooled. The solution keeps for a

considerable time, but mould develops after three or four weeks.

Iodine solution is generally standardised by an accurate solution of

sodium thiosulphate or of arsenious oxide, the strength of which has

been fixed by pure iodine (p. 1 18). It may also be directly standardised

by a gasometric method, using the nitrometer ;
in this case the following

directions must be accurately adhered to. Fifty c.c. of the iodine solution

are placed in the outer compartment of the decomposition bottle, and a

freshly prepared, ^^/^ mixture of 6 c.c. of 2 per cent, hydrogen peroxide and

8 c.c, of 50 per cent, potassium hydroxide are placed in the inner vessel.

Any considerable excess of hydrogen peroxide must be avoided, and

its strength must not exceed 2 per cent. After connecting with the

measuring tube, a circular motion is first communicated to the bottle

without allowing the solutions to mix ; the bottle is then suddenly

tilted through 90°, so as to effect an instantaneous and intimate mixing

of the two solutions. After shaking for not more than a few seconds

' Mutiiiaiibky, Z. anal. C/iein., 1S97, 36, 220. '' Chem. Zeit., 1898, 22, 375.

"^ Piivate communication to Prof. Lunge. ^ Jfiid., 1897, 21, 41.

6 Ber., 1897, 30, 2415 ; 1898, 31, 1791.
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the pressure is adjusted and the volume of gas read off. One c.c. oxygen

corresponds to o-oi 1331 g. iodine according to the equation :

—

Kalmann^ recommends sodium sulphite for the standardisation of

iodine. A solution of arbitrary strength is run into the iodine solution

until it is just decolorised, when the following reaction takes place :

—

Na^SOg + 2 1 + HP = 2HI + Na.SO,.

Thus the acid liberated is exactl}' equivalent to the iodine. The acid is

then estimated by standard potassium hydroxide, using methyl orange as

indicator. The method is independent of the amount of water and of

sulphate in the sodium sulphite, provided the latter is perfectly free from

bisulphite, thiosulphate, and carbonate. The decomposition goes best

when the solution is not too dilute. One c.c. Nl 10 alkali hydroxide corre-

sponds to 0-012697 g. iodine.

The principle of this method is perfectly sound, but the difficulty of

obtaining sulphite free from bisulphite, thiosulphate, or carbonate makes

it practically useless for standardisations; "chemically pure" sodium

sulphite generally contains some carbonate. A way out of this difficulty

would be, to add phenolphthalein and A75 hydrochloric acid till decolor-

ised, to decompose the carbonate present, forming sodium bicarbonate,

then a further quantity of hydrochloric acid equal to that already used,

thus converting the bicarbonate into sodium chloride and obtaining

a perfectly neutral solution of sodium sulphite ; but this method is not

practicable at ordinary temperatures, experiments by Lunge- having

shown that under these conditions the colour change is gradual and

uncertain.

S. W. Young-' recommends anhydrous sodium thiosulphate for

standardising iodine solutions ; tartar emetic has been proposed by

Metzl,* and potassium bichromate by Bruhns^ and others.

Kalmann's method can, of course, be conversely applied to the

determination of sulphurous acid, but it offers no advantage over

direct titration with iodine, and is, in fact, less accurate ; further, it may be

used for determining sulphite, in presence of thiosulphate, by running the

latter from a burette into a measured volume of standard iodine until just

decolorised, and then titrating with A7io sodium hydroxide and methyl

orange. The sulphite is given by the amount of iodine equivalent to the

alkali used ; by subtracting this amount from the total iodine used, the

iodine corresponding to the thiosulphate is obtained.

Experiments by Finkener, Volhard, and others have shown that the

reaction between iodine and sulphurous acid or sodium sulphite is only

quantitative, provided the solution of the latter is added drop by drop,

' Ber., 1887, 20, 568. ' /. Atner. Cheni. Soc.^ iyo4, 6, 1028.

- Z, angew, Cheni., 1904, 17, 235. * Z. anorg. C/iein., 1906, 48, 156.

> J/lid., igo6, 49, 277.
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with stirring, to the iodine solution ; in the reverse process too little

iodine is used. This has been confirmed by Raschig.^

Berg- has pointed out that this is not due to the formation ofh)-dro-

sulphurous acid, as Volhard supposed, but rather to the action of

atmospheric ox}'gen on sulphur dioxide and to volatilisation of the

latter ; by following the above directions this effect is more easily

avoided than when the iodine is added to the sulphurous acid solution.

Rupp^ states that sulphur dioxide can be accurately titrated in

alkaline solution containing bicarbonate. This can only be done,

however, by adding an excess of iodine, leaving it to react for fifteen

minutes and then titrating back, as the oxidation velocity of sulphites

is appreciably smaller than that of free sulphurous acid. According to

Ruff and Jeroch,"* the correct results obtained by this method are due to

a fortuitous compensation of errors. Accurate results can be obtained

by omitting the back-titration, and by excluding the action of oxygen,

by the addition of mannitol and working in an atmosphere of carbon

dioxide.

The applications of iodine solution, known as iodimetry, generally

in conjunction with a corresponding sodium thiosulphate or arsenious acid

solution, are very numerous, and include the following estimations :

—

Sulphurous acid, either as gas, or in very dilute aqueous solution, or

dissolved in water, to any concentration, in the form of salts ; if free

sulphurous acid has to be estimated, it need only be neutralised by

sodium carbonate. The sulphite solution must be added to the iodine,

not vice versa (p. 115).

TJiiosulphatcs are converted into tetrathionates (cf infra).

Free Chlorine and Bromine are estimated by liberating iodine from

potassium iodide. Similarly, the chlorine of hypochlorous acid and

of hypochlorites may be determined ; Lunge has proposed the following

method for their simultaneous estimation. When potassium iodide acts

on hypochlorous acid, half as much alkali is liberated as when it acts on

hypochlorites :

—

HOCl + 2KI = KOH + KCl + 1,

NaOCl + 2KI + H.O = 2KOH + NaCl + L.

Hence free hypochlorous acid liberates two equivalents of iodine to one

equivalent of potassium hydroxide, and any excess of alkali above this

is a measure of the amount of hypochlorite present.

Bleach may be estimated by iodimetry, but it is better to titrate it

directly with arsenious acid solution (p. 122).

Sulphuretted hydrogen and Sulphides react as follows :

—

H,S + Io = 2HI + S.

This decomposition is quantitative when the solutions are dilute, and are

' Z. aiigew. Chem., 1904, 17, 579. " Bet:, 1902, 35, 3694.

- Bull. Soc. Chinu, 1902 [3], 27, 1077 ;
Chem. Cenii:, 1903, I, 349. * Ibid.^ 1905, 38, 409.
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protected from the oxygen of the air. Hence also, all those substances

may be thus estimated which liberate sulphuretted h}-drogen on
decomposition with h\-drochloric acid, the evolved gas being absorbed in

iodine solution.

A rsenioiis oxide

:

—
AS.O3 + 2H0O + 41 = As.,0, + aHI.

Ma7iga7iese dioxide and other Peroxides.

Chloric acid, Chromic acid, and their salts ma\- be decomposed b}-

hydrochloric acid, the chlorine liberated absorbed in potassium iodide,

and the resulting free iodine estimated. Many methods may be included

under this head, in which chromate is added in excess and the excess

titrated back.

lodimetr}- may also be made use of in connection with Acidinietry ;

the following reaction ensues on acidifying a mixture of potassium iodate

and excess of potassiumi iodide :

—

KIO3 + 5KI + 6HC1 = 61 + 6KC1 + 3Hp.
The free iodine is estimated by thiosulphate or arsenite solution, and

thus the accuracy of iodimetry may be conveyed to acidimetr}-. This

reaction may also be made the basis for the estimation oifree alkali, by
adding an excess of standard acid to the solution and then estimating

the excess of the latter, as above.^

Many ascribe a much greater accuracy to iodimetry than to alkali-

metr\-, and this is correct in so far that the iodine-starch reaction is much
more sensitive and obvious than are the colour changes of alkalimetric

indicators. But when the volatility of iodine and the recognised

uncertainties in calibrating apparatus and in taking readings are taken

into account, an accuracy of ± y-yVo of ^^e total ma}- be considered as

good work ; this degree of accuracy can also be attained or even exceeded

with litmus or methyl orange in acidimetr}-. provided ever}- care is taken.

Sodium Thiosulphate

An A'lo solution is prepared b}- dissolving 24-83 g. of the pure

crystallised salt XaoS^Og . 5H^O in water, which has been completeh'

freed from air by boiling ; the solution is diluted to i litre with cold

air-free water.

Meineke- states that pure sodium thiosulphate can be obtained by
repeatedly recrystallising the " chemically pure " commercial salt from

water and then rubbing it to a fine powder with strong alcohol. The
resulting magma is thoroughly washed on the filter pump with pure

ether, and dried on the pump until the ether is almost completely

evaporated ; the powder is then removed from the filter, covered over

with paper, left to dry in the air for twenty-four hours, and then trans-

' Grijger, Z. aiigew. Chem.^ 1890, 3, 353 and 385. - Chem. Zeit., 1S94, 18, 33.
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ferred to a tightly closed bottle. According to Meineke, the salt

prepared by this method is pure enough (99-99 per cent.) to be used

for standardising iodine solution, but this is not the case, because the

percentage of \\'ater in the salt is by no means reliable.

Pure sodium thiosulphate should dissolve in water without the least

turbidity, should give no precipitate with barium chloride (a precipitate

would indicate the presence of sulphate, sulphite, or carbonate), and
should not redden phenolphthalein, (presence of carbonate). It should

also be free from sulphide and chloride.

Iodine and sodium thiosulphate react with the formation of sodium
tctrathionate, the iodine combining with half the sodium :

—

-Na,SoOy + 2I = 2XaI + Na.S.O,,.

Whenever possible, the iodine is added to the thiosulphate solution
;

the latter should be neutral or faintly acid, because if more strongly

acid free thiosulphuric acid is formed, which decomposes on standing

into water, sulphur dioxide, and free sulphur. A slight yellow coloration

is observed as soon as an excess of iodine is present. The change is

sharper in presence of starch solution, but the blue coloration is only

obtained at ordinary temperatures. Starch solution must never be

added whilst a large excess of iodine is present ; for instance, if the

thiosulphate or arsenic solution is run into the iodine the starch is

decomposed by the iodine, forming variously coloured compounds.
The starch should be added towards the end of the reaction, when
only very little iodine is present, if the titration is done in this

\\'ay.

When the iodine solution has been accurately standardised, the

thiosulphate solution may be prepared from the ordinary "pure"
commercial salt; it is then compared with the iodine, and corrected.

The following method may be used as a further check on the

thiosulphate solution and serves as a means for its standardisation,

and indirectly for that of iodine solution. A small quantity of pure,

dry iodine is prepared, by powdering together 0-5 g. pure iodine and
o-i g. potassium iodide and heating the powder in a small porcelain

dish on a sand-bath, or on an asbestos card, until vapour is copiousl)-

evolved ; the dish is then covered with a dr)- watch-glass, and the

greater part, but not the whole of the iodine, is sublimed on to the

latter. The watch-glass is then covered with a second, accurately fitting

glass and the whole weighed, the weight of the two watch-glasses

of course being known. The watch-glasses are placed gently in a

solution of I g. potassium iodide in 10 g. water; after waiting for a

moment, to allow the iodine to dissolve, the solution is diluted with

100 c.c. of water and titrated with the thiosulphate solution. The
potassium iodide must be free from potassium iodate; a test for its
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purity in this respect consists in adding" h}'drochloric acid to a not

too concentrated solution of the salt, when no imnriediate }-cllo\v colora-

tion develops, in absence of iodate. When the colour has been reduced

to a pale yellow, a little starch solution is added and the titration

continued until the blue colour just disappears. If the thiosulphate

solution is of right strength, the amount used in c.c. multiplied by

0-012697 equals the weight of iodine taken.

According to Lunge, this method of preparing, weighing, and dis-

solving pure iodine is perfectly accurate in the hands of a fairly

experienced worker, and when due attention is paid to the obvious

necessity of rapid work, to guard against the volatilisation of the iodine.

The following modification of the method recommended by Treadwell ^

is easier to carry out. Two to 2-5 g. pure potassium iodide and not

more than 0-5 c.c. water are placed in each of two or three small

weighing tubes with tightly fitting, ground stoppers ; the tubes are

closed and weighed, and then 0-4 to 0-5 g. pure iodine added to each,

and weighed again. The iodine dissolves almost instantly in the

concentrated potassium iodide solution. One of the tubes is then

placed in the neck of a $00 c.c. Erlenmeyer flask, held in an inclined

position and containing 200 c.c. of water and about i g. potassium iodide.

The tube is dropped carefully to the bottom of the flask, the stopper

being removed just as it begins to fall, and allowed to follow it. In

this way no iodine can be lost. The examples given by Treadwell

show deviations of about 0-2 per cent, from each other ; these deviations

can be reduced to o-i per cent., when using the first method given

above, after considerable practice.

Winkler has proposed a method for preparing pure iodine in quantity,

which consists in adding 5 per cent, potassium iodide and 10 per cent,

quicklime (to retain water) to the crude iodine ; the mixture is sublimed

from a vessel covered with a flask filled with water, on which the sub-

limed iodine condenses. A funnel, the tube of which is loosel}- plugged,

serves equalh' well to collect the iodine.

De Koninck's- method of preparing pure iodine for standardisation

is as follows :—Potassium iodide is freed from potassium cyanide by

recrystallising in presence of a little hydriodic acid ; one part of the

recrystallised salt is then intimately mixed with if parts previously

fused potassium bichromate, both having been finely powdered and

dried, and the mixture placed in a small retort, the neck of which

fits tightly into a small Erlenmeyer flask. The latter is previously

weighed along with a blown glass bulb, which subsequently serves as

a stopper ; the weight of the condensed iodine can thus be determined.

The retort is gradually heated to incipient redness, the neck being

sufficiently warmed to prevent iodine condensing in it ; the flask must

1 Aiialylical C/iemistiv, vol. ii., p. 507. - Chem. Zdt., 1 903, 27, 192.
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be protected from the heat by an asbestos card. The yield of iodine

exceeds 95 per cent. The reaction is :

—

6KI + sKoCr.p- = 8KXrO, + CroOg + 61.

The assumption that the decomposition is represented by the

equation,
6KI + KoCr.O. = 61 + 4K0O + Cr.Og,

is quite erroneous.^

Lean and Whatmough- consider that the purest iodine is obtained

by heating cuprous iodide.

When iodine is kept in a desiccator, the latter should contain calcium

chloride and not sulphuric acid, and the cover should not be greased
;

neglect of these precautions leads to contamination of the iodine, since

sulphuric acid is likely to be taken up by the iodine and grease is

attacked by iodine vapours, forming hydriodic acid.

Meineke^ prepares chemically pure iodine, for standardisation pur-

poses, by precipitating a solution of equal parts potassium iodide and

iodate with sulphuric acid. He subsequently recommended* the use

of potassium bi-iodate, which had been previously suggested by C. v.

Than;^ the commercial form of this salt is said to be extremely pure

and to be quite permanent, even in dilute solution. In acid solution

the following reaction takes place :

—

KH(I03),,+ ioKI+iiHCl = i2 I + 11 KC1 + 6H,0.

Hence 390-1 parts of pure potassium bi-iodate correspond to 1523-6

parts iodine.

This method appears very convenient, particularly for checking

thiosulphate solutions, from time to time, by means of a solution of

the bi-iodate, but the purity of any commercial bi-iodate cannot be

relied upon, as the salt may contain either too much or too little iodic

acid. Experiments by Lunge,*^ with samples from the very best sources,

gave results which would by no means warrant their use for direct

standardisations, and their reliability was not improved by recrystallisa-

tion, either with or without the addition of free iodic acid. It was also

observed that desiccation over sulphuric acid at ordinary temperatures,

as recommended by J. Wagner, is insufficient, and that a temperature of

100' is required to dry the salt, as stated by Meineke ; no appreciable

decomposition results from this treatment. TreadwelH also states

that commercial bi-iodate cannot be relied upon for direct standardisa-

tion. Hence, if it be desired to use potassium bi-iodate, its value must

first be determined ; this cannot be done directly by acidimetry {cf-

1 Chem. Centr., 1903, I, 1435. •* Ibid., 1895, 19, 2.

2 /. Chem. Soc, 1898, 73, 148. ^ Z. anal. Chem., 1877, 17, 477.

3 Ch^m. Zeit., 1892, 16, 1219. ^ Z. angeu: Chem., 1904, 17, 233.

' Analytical Chemistry, vol. ii., p. 509.
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p. 89), so that sodium thiosulphate solution, standardised in some other

way, must be resorted to. This negatives the value of bi-iodate for

direct standardisations, and restricts its application to the occasional

checking of thiosulphate, by means of a prepared solution of bi-iodate,

the strength of which has been determined. Titration against pure

iodine, as described on p. 118, is to be emphasised as the best method

of standardisation, in spite of the man}- other proposals that have been

put forward.

Riegler^ has recommended crystallised iodic acid for standardising

thiosulphate, but Walker- has pointed out objections to the method.

Kratschmer^ has suggested sodium bromate, Zulkowsky,'* and subse-

quently Crismer,^ normal potassium chromate, but Meineke*' has indi-

cated the disadvantages of this last reagent. J. Wagner " considers the

use of potassium bichromate, under perfectly definite conditions, preferable

to other reagents. Dietz and Margosches^ use potassium chlorate,

which, on addition of hydrochloric acid, potassium bromide, and potas-

sium iodide, liberates an exactly equivalent amount of iodine.

A7100 thiosulphate is occasionally required, especially when using

A7100 iodine ; the former must alwa}'s be freshly prepared, as it does not

keep long. Neither is A7 10 thiosulphate permanent under all conditions.

Carbon dioxide acts upon it, in presence of oxygen and sunlight, forming

sulphurous acid and free sulphur, and fungoid growths also develop.

Topf,'' after subjecting these changes to exact investigation, recommends
that the solution be prepared with well-boiled water, free from carbon

dioxide and stored in a cool place, protected from direct sunlight ; a

small quantity of potassium carbonate ijiot ammonium carbonate)

should be added, but this necessitates addition of free acid to the

iodine solution, when titrating. He further recommends that the solu-

tion be covered with a layer of petroleum ether, and that communication

with the air be permitted only through an arrangement for absorbing

carbon dioxide, the solution being withdrawn by means of a syj^hon.

This proposal is probably rarely adopted, as it will be found preferable

to check the strength of the solution about every two months.

Treadwell ^° states that all difficulties, due to the presence of carbon

dioxide, etc., in preparing and storing thiosulphate solutions, may be

overcome by dissolving the " pure " commercial salt in distilled water

(even if it contains carbon dioxide) and allowing it to stand for at least

a week (eight to fourteen days) before standardising. The carbon

dioxide thus exhausts its action, a corresponding amount of sulphur

^ Chem. Centr., l^if)"], I, 1169. " Chem. Zeit., 1895, 19, 3.

- Z. anorg, Chem., 1898, 16, 99. ' Z. angenu Chem., 1898, II, 951.
•' Z. anal. Chem., 1885, 24, 546. * Ibid., 1903, 16, 317 ; 1905, 18, 1516.

* J.prakt. Chem., 1868, 103, 351. ^ Z. anal. Chem., 1887, 26, 150.
•' Ber., 1884, 17, 642. '" Analytical Chemistjy, vol. ii., pp. 506 and 510.
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separates, and the solution can then be kept for months without under-

going appreciable change. Ammonium carbonate should on no account

be added to the solution.

Plimpton and Chorley^ have recommended the use of barium thio-

sulphate for iodimetry ; it is a very difficultly soluble salt. Mutniansky

-

has pointed out that a solution of this salt, saturated at 17 -5 C, is

exactly centinormal.

Arsenious Acid

An alkaline solution of arsenious oxide is unaffected by oxj'gen,

but reacts with chlorine as follows :

—

AsoO. + 4CI + 5H.,0 = 4HCI + 2H3 AsO,.

Bromine and iodine act similarly, in alkaline solution. Hence, in

many cases, arsenious acid solution may be used in place of sodium

thiosulphate in conjunction with iodine ; it has the advantage of being

quite permanent. Its chief application is to the estimation of available

chlorine in bleaching powder and in alkaline hypochlorites, the end-

point of the reaction being ascertained b}- spotting on starch-iodide

paper {cf. Bleaching powder, p. 503).

Pure, powdered, commercial arsenious oxide is used in preparing

this solution ; it should alwa}'s be tested by subliming a small

quantity from a dish on to a watch-glass ; the first portion of the sub-

limate should not be )'ellowish, which would indicate the presence of

the more easih- volatile arsenious sulphide, and the whole should

volatilise completely on heating more strongly. The oxide should be

dried in the exsiccator over sulphuric acid for some time before use ; it

may then be weighed out without special precautions, as it is not

hygroscopic.

To prepare a decinormal solution, exactly 4-950 g. arsenious o.xide

are weighed out and boiled with 10 g. pure sodium bicarbonate and

200 c.c. water, till completely dissolved ; 10 g. of sodium bicarbonate

are then added, the solution allowed to cool and diluted to i litre.

Renter and Petriccioli-' consider this method to be inaccurate, owing

to the formation of sodium carbonate, which absorbs iodine, but Lunge ^

has shown that this objection lacks foundation, and that there is no

reason for altering the method of preparing the solution as described.

The solution keeps perfectly; i cc. is equivalent to 0-003545 g.

chlorine, or 0-012697 g. iodine.

This solution will be of correct strength, provided pure dry arsen-

ious oxide is used. It may be standardised, however, against pure iodine,

exactly as described on p. 118, in connection with sodium thiosulphate,

'

J. Chem. Soc, 1S95, 67, 315.
'^ Z. angew. Chem., 1901, 14, 1181.

- Zeit, anal. Client., 1897, 36, 220. • Ibid., 1901, 14, 1298.
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and this check should not be omitted when a large quantity of

solution is prepared.

Lunge- has shown that sodium arsenite and sodium thiosulphate

give identical results and are equall)- applicable.

Silver Nitrate and Ammonium Tiiiocvanate

Silver nitrate solution is employed for the volumetric estimation of

chlorides, bv precipitation as silver chloride, using potassium chromate or

sodium arsenate as indicator, in those cases in which rapidity is of

greater importance than extreme accuracy ; it is also applied to the

estimation of cyanides. The method was introduced b\- F. Mohr-

The preparation of this solution is extremely simple, as commercial

crystallised silver nitrate is dry and chemically pure, and only requires

to be dried in the desiccator, as a precaution, before being weighed out.

A decinormal solution is obtained by dissolving 16-994 g- silver nitrate

and making up to a litre ; i c.c. of this solution is equivalent to

0003545 g- CI, 0-003645 g. HCl, 0-005850 g. XaCl, etc.

A solution equivalent to 0-00 1 g. XaCl per c.c. is sometimes

preferred ; this is obtained by dissolving 2-906 g. silver nitrate per

litre of solution.

The solutions to be estimated must not contain an}- free acid ; if this

is present, it must be neutralised b\' sodium carbonate. A slight excess

of carbonate is immaterial, whilst the least excess of acid interferes with

the reaction. Four to five drops of a cold, saturated solution of normal (>"el-

low) potassium chromate are added to the chloride solution, and the silver

solution is then run in, with vigorous stirring, until the white precipitate

has acquired a reddish colour, which does not disappear on stirring ; the

colour is seen even better b\- artificial light than in daylight, as the

\-ellow colour of the solution is not apparent, whilst the red of the precipi-

tate persists. With a decinormal silver nitrate solution an excess of

about 0-2 c.c. is required ; this amount must be subtracted from the

quantity of solution used. The colour change is sharper when sodium

arsenate is used as indicator, and a correction for excess is unnecessary.

A titration which has been carried too far can be corrected b\' addition

of A'/io sodium chloride solution.

Volhard's - method permits the use of acid solutions. A solution of

ammonium thiocyanate is required in addition to A' 10 silver nitrate ; this

is prepared by dissolving 7-5 to 8 g. of the salt, which is always moist, in

I litre of solution and accurately adjusting it to the silver nitrate

solution. Once standardised, the titre remains perfectl\- constant.

A solution of iron alum (ferric ammonium sulphate), saturated

at the ordinary temperature, serves as indicator; 5 c.c. of this are

1 Z. angew. C/ieni., 1904, 17, 233. - An7ia,'en, 1S78, 19O, 49.
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added to from 200 to 300 c.c. of the solution to be titrated. To fix the

strength of the thioc}^anate solution, 10 or 20 c.c. silver nitrate solution

are diluted with 200 c.c. water, and 5 c.c. iron alum solution are added
;

if a colour develops, nitric acid is added until it disappears. The
thiocyanate solution is then run into the silver solution, with continual

stirring; the appearance of a light-brown coloration indicates the end-

point of the reaction, and its observation is facilitated by the coagulation

of the silver thiocyanate. Henriques has pointed out that the thio-

C}'anate must always be run into the silver solution, not vice versa. The
thiocyanate solution thus tested is corrected and made up to decinormal

strength, as described on p. 86. For chloride estimations, the solution

to be anal}'sed is treated with .A' 10 silver nitrate until all the chlorine is

precipitated as silver chloride and excess of silver nitrate is present

;

iron alum is then added and the excess of silver titrated back with X 10

thioc}-anate. The amount of chloride is given b}- the difference between

the volumes of silver nitrate and of thioc}-anate solutions used.

General Remarks ox Volumetric Analyses

Correct illumination is important in almost all volumetric work, to

ensure the recognition of colour changes such as are produced b}- the

addition of a single drop of solution. Direct sunshine ma)- be as

harmful as the insufficient light of a dull winter's day, or of an unsuitable

position in the laborator}-. Wherever possible, the burettes should be

placed opposite a window, preferably with a north light, even if onl}' to

facilitate the reading. Colour changes, especially that of litmus, are

generally less distinct in artificial light
;

yellow light is particularh-

objectionable in this respect, but incandescent gas light or electric light

are nearl}' as good as da}-light, after some experience has been gained

with these illuminants.

In all cases a pure white background should be placed immediately

under the vessel in use and spread over a considerable area of the

bench. The nicest and cleanest arrangement is a tiled bench, but a

sheet of white paper is almost as serviceable.

In order to be sure, in doubtful cases, whether a colour change has

really occurred or not, the flask should be observed by both reflected

and transmitted light, and it should also be looked at from the side and

from above, A beginner will frequently find it advantageous to have

two other vessels, of the same size as the titration vessel ready to hand,

each filled with a solution coloured to the same intensity as the solution

to be titrated, and in one of which the colour change has been effected.

These considerations apph' to most colorimetric work.

It is generally advisable, in cases of uncertainty in colour changes,

to read the burette and then to add a further drop of the solution ; if
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only the intensity of the colour changes and not its shade, this last drop

should not be reckoned in the titration. It is frequently more certain

to titrate, drop by drop, until the change has become quite definite, and

then to determine the exact end-point by titrating back with the

appropriate standard solution.

The liquid should be agitated during the titration, especially towards

the end of the reaction. It is better to shake the vessel well than to

stir with a glass rod, as the falling drops may easily splash off the

latter. A beaker can be shaken in this way without fear of loss,

provided it is not more than half full, but it is better to use an

Erlenmeyer flask with a short, wide neck. Narrow-mouthed flasks are

not convenient, as drops from the burette may fall outside.

The importance of the quality of glass has been previous!}- discussed

(P- 54)-

When a solution has to be boiled in a porcelain dish, the dish

should on no account be more than half full ; otherwise the spitting

of the solution may easily be a source of loss.

H. Gas-Volumetric Analysis

Gas-volumetric anal}-sis, as distinct from gas anah^sis, comprises

those operations in which a constituent of a solid or liquid substance is

determined by the generation and measurement of a gas. The gas is

usually evolved by the decomposition of the substance under examination
;

for instance, carbon dioxide from limestone, nitrogen from ammonium
salts, nitric oxide from nitrates, oxygen from peroxides, etc. ; some-

times, however, it is partially or entirely generated from the reagent

used, as in the valuation of hydrogen peroxide b\' potassium per-

manganate or of zinc-dust, by means of hydrogen liberated from water.

In some instances, air displaced by the generated gas is measured

instead of the latter.

The description of the methods and forms of apparatus proposed

for gas-volumetric work is, in this section, restricted to such as are

employed for a number of different purposes and are in general

laboratory use. Those forms of apparatus which are either used only

for a special purpose, or in connection with a particular industry, are

described in the corresponding sections.

The calibration of gas-volumetric apparatus has already been

considered (p. 44).

The Azotometer.

This instrument was designed b}- Knop ^ for the determination of

ammonia, by the decomposition of its salts with sodium hypobromite,

1 Clum. Centr., iS6o, 5, 244. Z, anal. Chem., 1S74, 13, 3S3 ;
1S76, 15, 250.
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and measurement of the liberated nitrogen. It has been improved in

several respects, especially by P. Wagner,^ and can be used for other

gas-volumetric purposes in which measurements are made over water,

as has been recommended by A. Baumann (1890) and others.

The apparatus is shown in Fig. 40. A is a generating vessel for

holding the hypobromite solution. This is prepared as follows :— 100 g.

sodium hydroxide are dissolved in water and diluted to 1-25 litres, 25 c.c.

bromine are added, with external cooling by w^ater, the whole well

shaken, and finally cooled. The solution is kept in the dark in a

well-stoppered bottle. The glass cylinder a, of about 20 c.c. capacit}-,

is fused on to the bottom of A, and serves to hold the solution of the

ammonium salt. The large glass vessel B, which has a capacity of

about 4 litres, is for cooling the generating vessel to its original

temperature, after the decomposition. The neck of the generating

vessel is rough-ground inside, so as to give a good hold for the rubber
1 Z. anal, C/idDi., 1870, 9, 225 ; 1S75, 14, 247.



THE AZOTOMETER 127

stopper, which must be pressed in tightly, and must not slip. C is a

tall cylinder filled with water (to which a little hydrochloric acid is added

to prevent the growth of moulds), and closed b\' a cork in which the

communicating burettes, c and d, are fixed, and carrying a small ther-

mometer. The burettes and their supply vessel // are filled with water,

which may be slightl}- coloured.

By following the subjoined instructions of P. Wagner ^ carefull}-,

ammoniacal nitrogen can be very accuratel}- determined with this

instrument. lo c.c. of the ammonium salt solution under examination

are introduced into the inner vessel a, and 50 c.c. of hypobromite

solution into the outer vessel A, b\' means of a funnel. The rubber

stopper is then tightly inserted and the vessel placed in -B, which is

filled with water. The glass tap f is loosened slightly, water intro-

duced into the burettes c and d by squeezing the rubber ball / and

opening the tap ^, and then run off through g down to the zero mark

of the burette. After about ten minutes the cock f, which is slightly

greased, is inserted tightly, but left open .so that A and c are in com-

munication. If, after an interval of five minutes, the liquid in c has

risen, the cock 7^ is again loosened, re-inserted tightly, and the apparatus

again allowed to stand for five minutes. If the liquid has remained at

the zero mark, the temperature of the generating vessel and contents

has become equal to that of the surrounding water, and no more carbon

dioxide, from the enclosed air, is being absorbed by the h\-pobromite

solution.

To carr\- out the decomposition, 30 to 40 c.c. of water are first

withdrawn from the burette through g, and the generating vessel

removed from B and tilted, so that a small portion of the contents

of a flow into the In^pobromite solution, with which they are mixed

b\' gentle shaking. This is repeated until the greater portion of the

ammoniacal liquid has been poured out and decomposed. The tap f
is then closed, the generating vessel thoroughly shaken, / again opened

to allow an\' liberated nitrogen to pass to the burette, and this repeated

until the liquid in c remains at a constant level ; shaking three times

is usually sufficient. The generating vessel A is then replaced in B
;

fifteen to twenty minutes suffice for this vessel and its contents to

acquire the temperature of the surrounding water and for the gas in c to

reach that of the water-jacket C, which is indicated by the thermometer.

The tap^ is then opened until the water is at the samiC level in c and d,

and the volume of liberated nitrogen, the temperature of the water in

C, and the barometric pressure noted. The weight of nitrogen may
then be calculated from the following tables prepared by Dietrich (pp.

128-130).
^ Lehrhuch der Dungei-fa/jriiaiio)i, 1S77, p. 161.
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L—Dietrich's Table for the Absorption of Nitrogen.

/// 60 ex. generating liquid (50 e.c. Jiypobroniite solution and 10 c.c. luater),

the hypobromite solution having the sp. gr. i • i , and of such strength

that 50 c.c. correspond to 200 uig. N ivhen from i to 100 c.c. of gas

are evolved.

Liberated

Absorbed

Liberated

Absorbed

Liberated

Absorbed

Liberated

Absorbed

Liberated

Absorbed

Liberated

Absorbed

Liberated

Absorbed

Liberated

Absorbed

Liberated

Absorbed

Liberated

Absorbed

1
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Example of calculation

:

Volume of liberated nitrogen

Temperature .

Barometric pressure

22 c.c.

1

6

756 mm.

Then, according to Table I., 0-58 c.c. nitrogen remain dissolved in

the generating liquid, and according to Table II., the weight of i c.c.

of nitrogen at 16^ and 756 mm. pressure is 1-15969 mg. The weight

of nitrogen in the substance examined is therefore :

—

(22-0 + 0-58) X i-i 5969 = 26-19 mg.

These tables are given as they are in ver}- general use ; they do not,

however, possess any special advantages, nor are they based on the

correct value for the weight of i c.c. of nitrogen (cf. infj-a).

Lunge ^ has shown that it is unnecessary to use Table I. to

correct for the so-called " absorption of nitrogen," which is really

Fig. 41.

due to incomplete reaction, and that it suffices to add 2-5 per cent, to

the volume of gas found. This calculation may be simplified by using

' Cheiit. JiuL, 1885, 5, 165.
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the increased factor 0-001558 to convert each c.c. of nitrogen at o" C.

and 760 mm. (dry) into grams of ammonia. This factor is calculated

from the observed density of nitrogen.

A. Baumann recommends the simplified form of Wagner's Azoto-

meter shown in Fig. 41, for technical laboratories, in which the

measuring tube is replaced by an ordinar)' pinch-cock burette
;

the

manipulation of the apparatus is in all respects similar to that described

above. If many analysis have to be performed it is well to keep two

or three such simplified azotometers in use, so as to save time whilst

the original temperature is being attained, after the decompositions.

It is particularl}' important, when using the azotometer, that the

temperature in the generating vessel and measuring tube should remain

constant during the whole experiment. If the capacity of the former

is only 150 c.c. a temperature variation of r C. causes an error of 0-5

c.c, and one of 2' C. of about i c.c. Such errors influence the result

of the analysis considerably, especially when small quantities of gas

are liberated, amounting, for instance, to 5 to 10 per cent, of the total

volume when 10 c.c. of gas are evolved.

The Nitrometer.

The name "Nitrometer" was given by Lunge ^ to the apparatus

he devised for the determination of nitrogen acids, b}' decomposition

with sulphuric acid, in presence of mercury. This reaction was made
use of long ago by VV. Crum - for the analysis of nitrates and of

gun-cotton, and subsequently, in an improved form, by Frankland

.and Armstror.g'^ for the determination of nitrates in water, and by

G. E. Davis ^ for the valuation of nitrous vitriol, but manipulative

difficulties restricted its applicability ; the nitrometer has rendered the

reaction thoroughl}- practicable, and has thus been the means of

bringing it into general use.

In the method as originall}^ devised, the mercury over which the

gas is collected also takes part in the reaction. It has since been

extended to many other purposes, in which the mercury does not take

part in the decomposition, but serves simply as the confining liquid for

the liberated gas, and also to determinations in which the decomposi-

tion is effected in a separate vessel and the evolved nitric oxide

collected and measured, over dry mercur)-, in the nitrometer. Various

alterations have thus been made in the original apparatus from time to

1 Ber., 1878, II, 174; 1885, 18, 1878 and 2030 (New applications); 188S, 21, 376. Diiii^l.

polyt.J., 1879, 231, 522 (Tables) ; 1S82, 245, 171 (Analysis of dynamite). Cliem. Ina., 1881, 4, 346 ;

1885, 8, 161 (New applications) ; 1886, 9, 273 (Analysis of explosives). /. Soc. Chem. hiJ., 1882,

I, 15; 1885, 4, 495; 18S6, 5, 82; 1888, 7, 232; 1892, 11,778. Sulphuric Ada and Alkali,

2nd edition, 1891, p. 182. Cf. also A. H. Allen,/. Soc. Chem. Ind., 1S85, 4, 178.

- Phil. Mag., 1847, [3], 30, 426. -^ Chem. Soc, 1868, 21, ici.

* Chem. XcKS, 1878, 37, 45.
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time ; the literature is given in the above references. The " gas-

volumeter," which was developed b\' Lunge from the nitrometer, will be

described subsequently.

The very extended applicability of the nitrometer is mainly due to

the following reasons. In the first place, most gases, even those

which are soluble to a considerable extent in water, can, by its means,

be measured over mercury without the use of a mercury trough, which

previously was always necessary for this purpose, and the apparatus is

simple, requires but little mercury, and is easy to manipulate and to

shake ; secondly, it is equally suitable, either for those cases in which a

gas is evolved and measured in the pure state, or for those in which it

is liberated in a separate vessel and the displaced air measured. It can

also be used for ordinary gas analysis, and for determinations in which

a gas, generated from a solid or liquid substance, has to be separated

from other gases, as in the determination of carbon dioxide by Lunge

and Marchlewski's method, etc.

Bockmann,^ in describing the nitrometer, says :

—

" Lunge's nitrometer, in its various modifications, is an exceptionalh'

valuable apparatus, and is therefore very largely used for technical

work. There is scarcel}' another ap-

paratus for technical anal}'sis which has

so many practical applications and is

at the same time so easily handled.

Those of its applications which have

been published are numerous ; those

which are unpublished, and which are

carried on in almost every technical

laboratory, are certainl}' still more

numerous."

The nitrometer is shown in Fig. 42

in its original form, as still used in

most cases for the analysis of nitrous

vitriol in the sulphuric acid industry,

and for many other purposes. The
tube a has a capacity of 50 c.c. ; it is

drawn out at the bottom and is gradu-

ated in yV c.c. The graduations start

immediately below the three-way tap

which terminates the tube at the top. This tap may either have a

vertical and an axial passage, as in Winkler's or Bunte's gas-burettes,

or it may be a Friedrich-Greiner tap with two oblique passages,

as shown in its three positions in Fig. 43. The latter form closes more
tightly and is more easily manipulated than the former, and is there-

' Third edition, I, 63-64.
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fore usually attached to the newer forms of the apparatus. Above the

tap, a beaker and a side tube d are attached ; the latter replaces the

axial passage of the older form of tap. In position A the measuring

tube communicates with the side tube d, in position B with the beaker,

and in position C the tap is closed.

The measuring tube a (Fig. 42) is connected by means of thick-walled

rubber tubing with the pressure tube b. The latter is a simple cylindrical

glass tube of the same diameter as the measuring tube, and drawn out at

the bottom for the attachment of the rubber tubing. Both tubes arc

held by clamps, in which they can be moved.

To use the apparatus, for instance for the assay of nitrous vitriol,

the tube b is placed so that its lower end is somewhat higher than the

tap on cz, and mercury is poured in through /->, the tap on a being

open, until it enters the beaker on a ; as the mercury enters a from

below, no air-bubbles are formed on the sides of the tube. The tap

Fir.. 43.

is then closed, the mercury in the beaker allowed to flow out through

the side passage of the tap, the pressure tube lowered, and the tap

closed.

The nitrous vitriol is then introduced into the beaker from a i c.c.

pipette divided into y^^ c.c. ; in the case of very strong nitrous vitriol

0-5 c.c. are used, in other cases 2 to 5 c.c. The pressure tube b is then

lowered, the tap carefully opened, and the acid drawn into the

measuring tube, care being taken not to admit any air. The beaker

is then rinsed with 2 to 3 c.c. of sulphuric acid, free from nitrogen

acids, which is similarly drawn into the measuring tube, and the

washing repeated with i to 2 c.c. more of sulphuric acid. The decom-
position is then started by removing the tube a from its clamp, and
thoroughly mixing the acid and mercury by repeatedly holding the

tube almost horizontally, taking care that no acid gets into the

rubber tubing, and then sharply raising it to a vertical position. The
tube is shaken for one to two minutes until no more gas is evolved.

The two tubes are then placed so that the mercury in b is as
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much higher than that in a as is necessary to compensate for the la)-er

of acid in the latter; i mm. mercury is allowed for ever}' 6i mm. of

acid. After the temperature has become equalised the pressure is

exactly adjusted by pouring a little acid into the beaker and opening

the tap cautiously. If the gas is under diminished pressure, which is

preferably the case, acid will flow into a ; the tap is at once closed

before air can enter, and the operation repeated after raising the

pressure tube very slightly. If, on the contrary, the enclosed gas tends

to force its way through the acid, the tap is closed, the pressure tube

lowered slightl}-, and the tap again opened. With a little care these

manipulations can always be successfull)' carried out. The volume of

the gas, the barometric pressure, and the temperature are then read
;

the latter by means of a thermometer, the bulb of which is placed

close to the measuring tube and near the middle of the column of

gas.

When the determination is finished the measuring tube a is lowered,

so that no air may enter on opening the tap, and the gas expelled

by raising the pressure tube. The acid is expelled, either through the

side tube d (Fig. 43), or through the axial passage in the older form

of tap, and the last traces removed with filter paper. The nitrometer

is then ready for the next determination.

It is always necessary to make sure that the tap of the nitro-

meter fits tightly, and this is best secured by greasing it with a little

vaseline ; care must be taken that no vaseline gets inside the tap and

so comes into contact with the acid, as this causes the formation of

froth, which only settles very slowly.

A glass tap can hardly be expected to keep perfectly closed, for

any length of time, when exposed to considerable variations of pressure
;

the tap can, however, be regarded as satisfactory if no air enters the

measuring tube during an interval of two hours after it has been com-

pletely filled with mercury and the pressure tube lowered. Details with

regard to the calculation of the amount of nitrogen compounds from

the volume of gas obtained are given in the section "Sulphuric Acid."

The analysis of nitrates or of nitrites soluble in water, to determine

the total nitrogen, is carried out similarl}-, as is described in connection

with the analysis of sodium nitrate. In such cases, where a solid,

soluble in water, is to be analysed, the weighed substance is introduced

into the beaker, dissolved there in a very small quantity of water, the

solution drawn into the measuring tube, the beaker rinsed with con-

centrated sulphuric acid, and the decomposition carried out as described.

In the analysis of substances insoluble in water but soluble in

strong sulphuric acid, more especially dynamites and pyroxylins, for

which purpose the nitrometer is now almost alwa}'s used, the solution

in sulphuric acid is also carried out in the attached beaker. In this'
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case, in order to avoid loss of nitrous fumes, the device shown in

Fig. 44, due to Lunge,^ is used. The beaker of the nitrometer is closed

by a rubber stopper provided with an S-tube, end-

ing above in a small funnel. The substance is

placed in the beaker, and concentrated sulphuric

introduced through the funnel. The lower bend

of the tube naturally remains full of sulphuric acid,

which prevents the escape of nitrous fumes, and

which flows into the beaker, as the acid in the

latter is drawn into the measuring tube.

It is immaterial whether an insoluble powder,

such as kieselguhr in the case of dynamite, or some

undissolved saltpetre, etc., remains, as this is sucked

into the measuring tube with the liquid : in the

anal}'sis of pyrox}-lin it is,

however, better to wait till

it has completely dissolved

in the beaker.

Nitrates and esters of nitric acid, such as

nitroglycerine and nitrocellulose, can be anal}'sed

in the apparatus shown in Fig. 42, but a high

degree of accuracy is not obtainable, as not

more than 40 c.c. of gas can be measured. By

using a modified form, the " nitrometer for salt-

petre," shown in Fig. 45, an accuracy of 01 per

cent., which is not surpassed by that of any

other method, may be obtained in these deter-

minations. In this form a larger space for gas

is provided without making the apparatus in-

conveniently long, by means of a bulb of nearl}-

100 c.c. capacity, below which the graduations

extend from 100 c.c. to 130 c.c.

In Fig. 46 a form of nitrometer is shown

which may be used for determinations in which

either a small or a large volume of gas is

evolved. As it cannot be made so short as

the forms shown in Figs. 42 and 45, it is not Fin.45. fig. 4g.

so suitable for shaking, but it is well adapted

for use in conjunction with a decomposition bottle or as a gas-volumeter

(cf. iyifra).

When nitrous and nitric acid compounds are decomposed by shaking

in the measuring tube itself with mercury and sulphuric acid, a layer of

sulphuric acid finally remains between the gas and the mercur\', which

1 Chon. hid., 1886, 9, 274.

u
Fin. 45.

100

130



THE NITROMETER 137

has to be allowed for in adjusting the pressure for the final measure-

ment, as stated above. This causes no special difficulty as a rule, but

when considerable quantities of substance are decomposed, much
frothing sometimes occurs ; on dilution with water, which is, in some
cases, unavoidable, sulphate of mercury is precipitated, and in the

analysis of dynamite the kieselguhr floats on the top of the acid, etc.

These factors make the final adjustment and measurement uncertain

and inexact. In such cases, for instance in the analysis of saltpetre

and of explosives, it is therefore advisable to use a separate decomposition

vessel, with an attached pressure tube, as in the gas-volumeter. The
gas is then always measured over a sharp meniscus, and the volume

can be read with the greatest accurac}-.

The same considerations apply to all those methods of analysis in

which the nitrometer is used in conjunction with an attached decom-

position bottle, as shown in Fig. 47. The manipulation is then

Fig. 47

identical with that of the azotometer. The substance to be decomposed

is placed in the outer annular space, and the decomposing agent in

the inner vessel, which is fused on to the bottom of the bottle.

After replacing the stopper, the bottle is connected with the tap of the

nitrometer, the measuring tube of which has been completely filled with

mercury ; the stopper is again loosened, to make sure that there is no

excess of pressure in the generating bottle, and the mercurx- in the

nitrometer re-adjusted to zero, if necessary, by moving the pressure

tube. The tap of the nitrometer is then turned so as to connect the

measuring tube and the generating bottle, and the latter tilted, so that

the liquid in the inner vessel flows into the surrounding space. In

doing this care must be taken that the bottle is not warmed by the

hand, and this applies also to the subsequent shaking, to promote the

disengagement of the gas ; it is safest, especially if heat is evolved, as

in decompositions by the sodium hypobromite method, to place the

generating bottle up to the neck in a beaker of water, before and after the
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reaction As the mercury in the measuring tube is depressed by the

evolved gas, the pressure tube is lowered accordingl\-, to prevent any
excessive pressure ; it is sometimes advantageous to lower the pressure

tube considerably towards the end of the reaction, in order to facilitate

the removal of the gas. After the original temperature has been attained

the mercury is brought to the same level in both tubes, and the volume
of the gas read, together with the temperature and pressure, as

described on p. 135.

In reducing to 760 mm. pressure, it must be borne in mind that the

gas is moist, and not dry, as is usually the case in working with a

nitrometer; since it is always generated from dilute solutions, the

tension of the water-vapour may be considered equal to that of pure

water at the same temperature.

The reduction of the volume of gas to normal volume is calculated

most easily by means of the Tables VI. to VIII., appended to this volume,

which were specially compiled for use with the nitrometer by Lunge

;

the calculation can also be done b}- reversing the formulae on p. 140.

The numerous applications of this form of the nitrometer include

the valuation of potassium permanganate solution (p. 109), the

analysis of bleaching powder, manganese dioxide, potassium ferri-

cyanide, lead peroxide, nitrous acid,^ hydrogen peroxide, the deter-

mination of carbon dioxide in carbonates (preferabl)- by Lunge and
Marchlewski's method), of nitrogen in ammonium salts, in urea (ureo-

meter), and in diazo-compounds, the control of the strength of acids

by liberation of carbon dioxide from carbonates, the valuation of zinc-

dust, the examination of chromates- and the titration of iodine

solutions^ {cf. p. 114).

The nitrometer can also be used as an absorptiometer,^ as an

apparatus for reducing the volume of gases to o' and 760 mm. pressure,''

although the gas-volumeter is far preferable for this purpose, and for

most gas-analytical work;'' also for the collection and anal}-sis of

gases dissolved in water, etc.''

The Gas-Volumeter.-

This name was given by Lunge to an apparatus, b\- means
of which the reduction of a volume of gas, either wet or dr\-, to any
required normal conditions, usually, of course, to 0° and 760 mm.
pressure, is effected without observation of the temperature and

1 Riegler, Z. anal, Cheni., 1897, 36, 665.

- A. Baumann, Z. aigew. Chem.^ 1891, 4. 135, IQ^, 339, 392.
•' Z. angeiv. Chem., 1891, 4, 203, 328, 450. ^ Ibid., 1885, 8, 163.

^ Ckem. Ind., 1885, 8, 162. « IbJd., 1885, 8, 169.

' Jlnd., 1885, 8, 170 ;
Z. anal. Ckem., 1886, 25, 309.

^ Lunge, Ber., 1890, 23, 440 ; 1892, 25, 3157. Z. angeu: Chem., 1890, 3, 139 ; 1891, 4, 197,

410 ; 1892, 5, 677. y. Soc. Cliem. Ind., iSgo, 9. 547.



THE GAS-VOLUMFTER 139

pressure, and without calculation or reference to tables. This

operation, which is necessar)* in all gas-volumetric work, can be per-

formed by means of this instrument, in less than a minute, in a purely

mechanical manner, and is applicable, not merely for relative measure-

ments, but also for absolute measurements, such as are required

in the analysis of solid and liquid substances, b}' gas-volumetric

methods.

The principle of the apparatus is to enclose a known volume of air,

at such a pressure that it takes up exactl}- the volume which it would
occup)' at o and 760 mm. pressure. If

the same pressure and temperature are

then applied to another volume of gas,

this will also take up the volume which

it would occupy at 0° and 760 mm.
pressure. This condition is attained

by confining the known volume of air

in a " reduction tube " to which a pres-

sure tube is attached, and placing the

latter in such a position that the gas

in the reduction tube is brought to the

volume it would occupy under normal

conditions ; the reduction tube is also

connected with the gas measuring tube

by m.eans of a T-piece, and b\- adjusting

the level of the mercury in the two

tubes to the same height, the volume

correction is applicable directly to the

gas in the measuring tube.

The apparatus is shown in Fig. 48.

The three tubes, A, B, and C, are con-

nected by means of a T-piece and suffi-

ciently long thick rubber tubing, and

are held to a stand by clamps, in which

they can be moved in a vertical direc-

tion. The tube A is the measuring

tube, and may be a nitrometer of an\'

form, a Bunte burette, or an}- other

apparatus for the measurement of gases.

The second tube, B, the so-called reduc-

tion tube, is enlarged to a bulb at the

top ; the first graduation is below the widened portion of the tube, and
indicates a volume of 100 c.c, and the lower cylindrical portion of the
tube is graduated in ^V c.c. for another 30 to 40 c.c. The tube is set,

once for all, b}- observing the temperature and pressure, calculating the
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.i

ytsam

volume which lOO c.c. of dr}' air would occup)' under the observed

conditions, bringing the mercury to the corresponding division, and

closing the tap above the bulb. If the tap is air-tight

the reduction to o and 760 mm. pressure has been

permanently made; an alternative is to provide

the upper end of the tube with a capillar}-, which

can be sealed off, after the volume has been correctly

adjusted.

This form of reduction tube was subsequentl)-

modified b\' Lunge and replaced b\' the cylindrical

form shown in Fig. 52 (p. 144), in order to bring the

volumes of enclosed gas as far as possible into a

parallel position. Both the simple tap shown in Fig.

48 and a sealed capillary have certain disadvantages,

which are avoided by the use of the tap devised by

Gockel.^ This is a ridged horizontal tap, sealed b}-

mercury ; Lunge states that it is in ever}' way satis-

factory and generally applicable.

The pressure tube, C, is now made in the form

shown in Fig. 49, which saves a great deal of mercury.

If moist gases are to be measured in the measuring

tube, a small drop of water must be introduced into

the reduction tube ; if dry gases are to be measured,

e.g., nitric oxide generated over sulphuric acid in the

ordinar}' nitrometer, a drop of concentrated sulphuric

acid is introduced into the reduction tube, but never
^"' '*''•

in sufficient amount to more than cover the top of

the mercur\' meniscus. The gases must be measured either quite dry

or saturated with moisture.

Formula for dry gases Vi = V^ ^-^ '-^—
273 X B

Formula for moist gases V, = \^, ^
,^^ ',

273(B-/)

Where \\ = Volume of gas required.

Vii = Normal volume of gas.

/ = Observed temperature.

B = Observed barometric pressure.

f = Tension of water-vapour at observed temperature.

To adjust the reduction tube, the temperature is observed by means

of a thermometer suspended by the side of the tube, and the barometric

pressure read. The volume V^ which 100 c.c. of gas at normal tempera-

ture and pressure Vq will occupy at the observed temperature and

pressure, either dry or moist, is then calculated, either by means of the

' Z. angew. Chem., 1900, 13, 961 and I23<S.

Ilmenau, Thuiingia.

This tap is made by Alt, Eberhard, & Jaeger,
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above formulas or from the Tables VI. to VIII. appended to this volume.

The pressure tube is then adjusted, so that the mercury in the reduction

tube is at the calculated graduation, and the tap closed. The instru-

ment is then ready for use.

Dry gases can, if desired, be measured with a wet reduction tube, or

vice versa. In the former case the temperature is observed, the corre-

sponding vapour-tension f in mm. found from Table VIII., and the

mercury in the measuring tube placed f mm. higher than in the

reduction tube, after the volume in the latter has been adjusted to lOO

c.c. This is facilitated by using measuring tubes in which each c.c. of

the graduation corresponds almost exactly with lo mm. length, as the use

of a measuring scale is thereby avoided. When a dry reduction tube

is used for moist gases, the mercury in the measuring tube must be

placed f mm. lower than in the reduction tube, in which the volume

has been adjusted to lOO c.c.

.An alternative plan for comparing dry gases with a moist reduction

tube is to moisten the gas in the measuring tube by drawing in a drop

of water ; this is preferably done before the gas is collected, but it can

also be done afterwards with careful manipulation ;
for the reverse

comparison a drop of concentrated sulphuric acid is used. In neither

case must so much liquid be added that it more than covers the top of

the mercur}' meniscus.

The three tubes. A, B, C (Fig. 48), are connected with the T-piece

D by very thick-walled rubber tubing of 13-5 mm. external and 4-5

mm. internal diameter. Thick tubing of this character withstands the

pressure of the mercury without being distended and does not need bind-

ing with wire, especially if the ends of the tubes are enlarged a little ; it is

easily drawn over tubes of 10 mm. or greater diameter. All three tubes

are held in strong clamps, so that they may be moved verticalh- with

friction, but do not drop down by their own weight. If desired, A and

B ma)- be fitted with water-jackets, in which case the upper part of

B must be cylindrical (as in B, Fig. 53, p. 144), and larger clamps must

be used. This addition is quite unnecessary for technical analysis, as

the two tubes are placed close together and will only be at different

temperatures in case of careless manipulation ; also the fairly large mass

of mercury greatly assists the equalisation of all temperature differences.

When any gas-analytical or gas-volumetric operation has been

carried out in A, the volume of gas is not read in the ordinary manner,

after adjusting the mercury in A and C to equal levels. This adjust-

ment is only made as a preliminar}' step when an auxiliary generating

bottle is used, as in decompositions by sodium hypobromite or hydrogen

peroxide, or in carbon dioxide determinations, etc. ; in these cases the

mercury levels in A and C must first be equalised, in order to bring the

gas in A to the ordinary atmospheric pressure. The tap of A is then
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closed, without reading off the volume of contained gas. If the gas has

been generated in A itself, or has been transferred from another vessel, this

adjustment is of course unnecessary. Before actually reading the

volume of gas in A, the three tubes are so adjusted that the mercury in B
stands at the lOO c.c. graduation and the levels in A and B are the same.

The gas volumes in A and B then correspond to such temperature and

pressure that their volumes are equal to those which they would occupy,

when dry, at o and 760 mm. pressure, since this condition has been

ensured once for all in the case of B, and the gas in A is at the same
temperature and the same pressure.

The required adjustment is most quickh' and easily carried out in

the following manner. The tube A is fixed in its clamp whilst B and C
are raised, C to such an extent that the mercury in B rises to the

graduation lOO c.c; B and C are then lowered simultaneously, so that

the difference of level of the mercury in the two tubes is maintained,

until the mercury stands at equal levels in A and B, in the latter still at

the 100 c.c. graduation. The adjustment will usually be found to be not

quite exact, and a slight movement of B will probably be necessarj' to

complete it, but this double adjustment only requires a few seconds

longer than the ordinary adjustment of the pressure tube of a gas-

burette. The equalisation of pressure in A and B can be aided by the

usual means, such as making the observation against a horizontal wall-

line, a window-frame, a special horizontal rod provided with a spirit-

level,^ or in any other manner.

The simultaneous movement of two tubes filled with mercury, as

described above, is rather difficult if strong spring clamps are used, and

these, moreover, wear out in time.

This difficulty is overcome by the

use of the forked clamp shown in

Figs. 50 and 51.

This consists of two cork-lined

~\ clamps supported by a cast-iron

fork. The smaller clamp n holds

the reduction tube (below the 100

c.c. graduation), and the larger, />,

the pressure tube. The fork is

fastened to the stand by means of

an ordinary boss c\ shown on a larger scale in Fig. 51, which may be

strengthened by a spring.- By this means the reduction and pressure

tubes are held in a common clamp, and can be moved together. After

the gas-analytical operation is finished, the adjustment is made by first

bringing the reduction and pressure tubes to the approximate level of

' C/. Lunge, Ber., Sy, 24, 3948.

- These clamps are made by Desaga, Heidelberg, and other firms.



THE GAS-VOLUMETER 143

the mercury in the measuring tube. The pressure tube is then moved

in its clamp b, until the mercury in the reduction tube stands exactly

at the lOO c.c. graduation. The forked clamp is then moved as a whole,

by means of the boss c, until the mercury levels in the reduction and

measuring tubes are equal. The whole adjustment only takes a few

seconds, and is much easier than when separately movable clamps are

used.

In cases where, in addition to the mercury, another liquid is intro-

duced into the measuring tube, the pressure which it exerts must be

taken into account. Thus, in nitrogen determinations by Dumas'

method, a mark is made below the lOO c.c. graduation of the

reduction tube, corresponding to ^V of the height of the potassium

hydroxide solution in the measuring tube, the specific gravity of which

may be taken as 1-36, i.e., ^V of that of mercury. In reading off the

volume of nitrogen the mercury in the reduction tube is brought to the

100 c.c. graduation, and that in the measuring tube to the level of the

special mark below, whereby the height of the potassium hydroxide solu-

tion is allowed for.

It is obvious, from the above, that by the use of the gas-volumeter all

thermometric and barometric readings, and also all reductions by calcu-

lation or by special tables, are avoided ; the volume of gas is read oft"

directly under conditions corresponding to the normal pressure and

temperature. As already stated (p. 140), the reduction tube must be

arranged for dry or moist gas according to the character of the gas-

analytical operation.

The measuring tube ma)- be of any of the forms described on pp.

133 to 136. For evident reasons it is, however, not so simple and easy

to shake the mercury and sulphuric acid in the tube itself, when a reduc-

tion tube is used, and a special danger is that the gas may inadvertently

get into the reduction tube. The gas-volumeter is accordingly more
applicable for work in which a separate decomposition bottle is used, and

for nitrometric analyses, in which the gas is generated in an ungraduated

vessel, and then transferred to the volumeter for measurement.

This arrangement of apparatus is shown in Fig. 52. A, B, and C
represent the volumeter, as in Fig. 48, p. 139; E is the reaction vessel,

and has a capacity of about 100 c.c. when used for the analysis of

nitrous vitriol, and of about 200 c.c. for the anal}-sis of saltpetre,

dynamite, nitrocellulose, etc.; it is provided with a tap, a beaker c, and

pressure tube F, arranged as in the ordinary nitrometer. E is best

supported by a ring and F by a clamp ; E can, of course, be replaced by

a Hempel burette or other similar apparatus.

To carry out a determination, F is first raised until the mercury reaches

the end of the capillary cr, which is then closed with a ground-glass or

rubber cap b, to prevent the escape of mercury on shaking, and the tap
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of E also closed. The nitrous vitriol or other material is introduced, as

usual, through the beaker r, the reaction induced by shaking, and the
whole allowed to stand until it has acquired the atmospheric tempera-
ture. E and A are then brought to the same height, as shown in the

figure, and the mercury in the measuring tube of the volumeter A driven
over to the end of the thick rubber tube attached to the capillary ,;/. The

cap b is then removed, the

capillary a slipped into the

rubber connecting tube

until glass touches glass,

F raised and C lowered, the

two connecting taps opened,

and the gas syphoned from

E into A. The tap on A is

closed as soon as the acid

from E reaches the bottom

of the capillary tube e.

The levels in A and B are

then adjusted, and the mer-

cury in B brought to the

lOO c.c. graduation, as de-

scribed above. This method
of transferring the gas is

advantageous, not only

because the pressure due

to the sulphuric acid has

not to be allowed for, but

also because the unavoid-

able dirtying of the ap-

paratus is confined to the

reaction vessel E, which is

easily cleaned. Care should

be taken that the bores of

the capillaries a and d are

not enlarged at the ends,

but, if anything, slightly

narrowed, so that no bubbles of gas adhere on connecting up. A
single-bore tap suffices for the volumeter, and the attached beaker can

be dispensed with, as shown in Fig. 52, and this applies also to the use

of the apparatus in conjunction with an auxiliary generating bottle, or

with a gas-burette. The measuring tube A may be either cylindrical,

and of 50 or 100 c.c. capacity, or a bulb-tube graduated from 100 to

140 c.c, etc, according to the special purpose of the apparatus. For

general work the form of measuring tube shown in Fig. 46 (p. 136),

Fig. 52.
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with a central bulb, and graduations above and below, is to be

recommended.

By using several reaction vessels, many more determinations can be

carried out, than with the ordinary nitrometer, in the same time. The
contents of the reaction vessels are allowed to cool, after shaking, until

the evolved gas is ready for measurement, a new determination started

in a second vessel, and so on. In analysing explosives, the funnel of the

reaction vessel is connected with the sulphuric acid trap described on

p. 136, and shown in Fig. 44.

A modification of the Lunge gas-volumeter, in which all the connec-

tions are made of glass, has been described b\' Gruskiewicz.^

Lunge- has devised a mechanical stand, which is extremely con-

venient for manipulating the gas-volumeter, which is described below

(p. 154 et seg.); it is used by Lunge and Marchlewski with their

apparatus for the determination of carbon dioxide and of carbon, and

is applicable to all other forms of the nitrometer.

Special forms of the gas-volumeter have been designed by Lunge,-^

for the determination of nitrogen in elementary organic analysis, and

by Lunge and Neuberg ^ for the determination of vapour densities.

When the gas-volumeter is in daily use for a specific determination,

the graduations on the measuring tube may be made to correspond

with definite weights in mg. of the constituent determined, or to

percentages, when a definite weight of initial material is taken for

analysis. Such graduations may either replace the divisions into c.c,

or may be placed alongside them. For nitrogen determinations by
Dumas' method, intervals of 0-7997 c.c. are marked off and divided

into tenths. As i c.c. of nitrogen under normal conditions weighs

1-2505 g., each graduation corresponds to i mg. of nitrogen, and the

weight of the gas can thus be read directly, as soon as the tube has

cooled, after the combustion. For the azometric determination of

ammoniacal nitrogen with sodium hypobromite, either the same

graduation can be employed, or divisions of 0-658 c.c. = 1 mg. NH3,

since i c.c. of nitrogen under normal conditions corresponds to 1-520

mg. NH3. If, for instance, 0-2 g. of ammonium salt are used, then

each such division represents, in the former case, 0-5 per cent. N,

and in the latter, 0-5 per cent. NH.,.

For the determination of calcium carbonate in bone, charcoal,

marl, and the like, that is for use as a calcimeter, each c.c. CO., under

normal conditions corresponds to 1-9766 mg. COo, or 4-497 mg. CaCO.^.

If, therefore, a calcimeter is to indicate i mg. of CaCOg for each

graduation, these must correspond to 0-222 c.c, and if 0-5 g. substance

is used for analysis, then each division will indicate 0-2 per cent,

' Z. anal, Chem.^ 1904, 43, 83 ; Chem. Centr., 1904, I., 1 167.

- Z. angew. Chem., 1892, 5 678. ^ Bet:, 1890, 23, 446. ^ Ibtd., 1 891, 24, 729.

K
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CaC03. The absorption of carbon dioxide by the generating liquid

must, of course, be taken into account, unless it is excluded by using

the form of generating apparatus shown in Fig. 53, p. 150.

Such special graduation of the measuring tube is unnecessary, if the

quantities given in the following table are used for analysis ; an

ordinary measuring tube, divided into j\ c.c, can then be employed.

Table for the Conversion of Volumes of Gas, obtained in the

Gas-Volumeter, into Weights of Active Constituents.

1
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the gases ^ concerned, not on the values calculated from the molecular

weights, which do not take into account the deviations from Boyle's

law.

When the gas-volumeter is used as an azotometer, an addition of

2-5 per cent, of the volume of gas obtained must be added, to allow

for the incompleteness of the reaction, the so-called " nitrogen absorp-

tion "
{cf. p. 131). With this correction, i c.c. of nitrogen under normal

conditions corresponds to 1-2818 mg. ammoniacal nitrogen or 1-5582 mg.

ammonia, so that 0-1282 g. or 0-1558 g. of ammonium salt must be

taken for anah'sis, if i c.c. of gas is to correspond to i per cent, of N
or of NHo respectively.

Japp - has shown, that by suitably adjusting the position of the

reduction tube, the volume of gas in the measuring tube may be made
to indicate the weight of active substance present, without further

calculation and without special graduation. As an example, suppose

that a reduction tube is used, the normal volume of which is 25 c.c,

that is, the gaseous contents occupy this volume at o and 760 mm.
pressure ; the weight of i c.c. of nitrogen under these conditions is

0-0012505 g., and of the 25 c.c. 0-0012505x25=0-03126 g. If the

reduction tube is adjusted so that the volume of contained gas is

31-3 c.c, each c.c. of gas in the measuring tube will then correspond to

I mg. of nitrogen.

According to Lunge,-^ 25 c.c. is too small a normal volume to adopt

for accurate work, and it is preferable to use an ordinar}' reduction tube,

or one of 90 to 150 cc capacity, which is adjusted to contain 100 c.c.

under normal conditions. To convert the volume of gas into its

equivalent in mg., the mercury in the reduction tube is adjusted so

that the volume is equal to 100 c.c, multiplied by the weight of gas

per litre, thus :

—

For atmospheric air . . . 129-3 c.c.

„ ox\-gen .... 142-9 c.c.

„ nitrogen .... 125-05 cc
„ nitric o.xide .... 134-02 c.c.

The corresponding figure for carbon dioxide being 197-66 c.c, which

would extend beyond the graduations, the reduction tube is adjusted to

98-8 c.c. in this case, so that each c.c. in the measuring tube corresponds

to 2 mg. of gas. This principle may be extended so that the volumes
of gas found correspond, not to weights of gas, but to weights of the

active constituent of the substance anal)'sed. Thus, in determining the

' The densities are taken from the PhysikiUsch-chemische '/'ahelieii of Llandolt-Bfirnstein, 3rd

edition, 1905.

2y. Chem. Soc, 1891, 59, 894; cf. also Lunge, Ber., 1891, 24, 1656 and 3491.
^ Ber., 1892, 25, 3163.
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amount of active chlorine in bleaching powder, by means of hydrogen

peroxide, oxygen is obtained instead of chlorine, volume for volume; by
adjusting the reduction tube to i of the weight of a litre of chlorine,

that is, to 107-3 c.c, each c.c. of gas in the measuring tube corresponds to

3 mg. CI. In order to read off weights of CaCOg instead of CO.,, the

volume in the reduction tube is adjusted to -^ =112-^ c.c. ;44x4
I c.c. of CO., in the measuring tube then represents 4 mg. CaCO.,.

Japp's proposal, even with the above extensions, seldom offers,

however, any advantage over the method of working described above

(p. 145 ct seq\ and set out in the table, according to which the

quantity of substance taken for analwsis is such, that on adjusting the

reduction tube to 100 c.c, percentages ma\' be read directh- in the

measuring tube.

Other forms of apparatus for measuring gases, without the necessit)^

for barometric and thermometric readings, have since been constructed

by Hempel,^ Bleier,- Bodlander," and others.

The barothermoscope devised by F. Salomon * is provided with a

scale on which the volume, corresponding to the temperature and

pressure of the surrounding gas, can be read off directly. The
instrument is most ingenious, and is based on the new thermometric

system proposed by Salomon ; it is, however, rather troublesome to

adjust and difficult to transport, and has accordingly not been adopted

for practical work.

A. WohP* has described an apparatus for measuring the volume of

gases by determining the pressure, a vessel of constant volume being

employed for the purpose. Wohl and Poppenberg '' have extended this

method, especially to the determination of nitrogen in nitrates and

nitric esters such as gun-cotton, etc.

Apparatus for the determination of Carbon Dioxide.

This section is restricted to a description of the methods for the

gas-volumetric determination of carbon dioxide generated from solid

and liquid substances. The methods for the determination of carbon

dioxide in gaseous mixtures are dealt with under "Technical Gas
Analysis " ; the various forms of apparatus for the determination of

carbon dioxide, by loss of weight, in calcimeters, in which the gas is

expelled b}- means of a stronger acid, are also omitted, as they never

give very accurate results.

Both the azotometer (p. 125) and the nitrometer (p. 132) may be

used for the gas-volumetric determination of carbon dioxide, but they

' Z. aiigew. C/iem., 1*94, 7, 22. -• /hid., 1893, 6, 376 ; 1894, 7, 6S6.

2 Ber., 1897, 30, 2733 ; 1898, 31, 236. ' Ber., 1902, 35. 3493 ; 1903, 36, 674.
•' Z. angew. C/iein., 1895, 8, 49. " Ihid., 1 903, 36, 676.
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involve difficulties, on account of the solubility of the gas in the liquid

present in the decomposition vessel and in the water over which it

is collected, in the case of the azotometer.

Many suggestions have been made to overcome these difficulties,

either by the use of a special confining liquid, over which the gas is

collected, as in the apparatus patented by Baur,^ which is merely a

simplified and less effective form of azotometer, or by the use of

correction tables, as in Scheibler's apparatus, which is used chiefly in

sugar works, in those of Dietrich and of Michaelis, which are largely

used in cement works, and in those of Rumpf, Thorner, Fuchs, and

many others.

Satisfactory results were first obtained with the apparatus devised

by Pettersson,- in which the carbon dioxide is finally displaced

b\' hydrogen, generated from iron or from aluminium wire, the gases

collected over mercur\', and the carbon dioxide absorbed in an Orsat

apparatus. The expulsion of the carbon dioxide is, however, only

complete after three or four repetitions of the operation, and the volume

of gas obtained must be corrected to normal temperature and pressure

in the usual way ; the method is therefore unsuitable for technical

laboratories.

The successful solution of the above difficulties has been effected

by Lunge and Marchlewski,^ Their method resembles that of

Pettersson, but the gas is completely expelled by a single boiling, and

no readings of the thermometer and barometer or calculations are

required, as the apparatus is so arranged that weights or percentages

may be read off directly. Although the apparatus appears, at first sight,

as complicated as many others devised for the same purpose, its mani-

pulation is very simple ; a determination can be performed in a few

minutes, with greater exactitude ti^an can be obtained b}- any other

process, including the titrimetric and the volumetric methods, as it

a\oids certain sources of error which are inherent to the latter.

The apparatus is shown in J the actual size in Fig. 53 ; Fig. 54
shows an improved form of the generating flask on A scale. For solid

substances, a flask of 30 c.c. capacity is used ; for solutions and for

other special purposes, such as the determination of carbon in iron,^ a

large flask is employed, to which a small reflux condenser is attached.

The flask A is closed by a good soft rubber stopper, in which a

dropping-funnel a and a capillary tube bd, bent at right angles, are

fixed. The latter is 30-35 cm. long, and is connected with

' Z. anal. Client.^ l8^4, 23, 371. - Bei.^ 1890, 2"^, 1402.
• Z angew. C/ieiii., 1891, 4, 229 ; 1S93, 6, 395. /. Soc. C/iem. hid., 1S91, 10, 658.

^ Cf. Stahl und £ise>/, 1891, II, 666; 1893, 13, 655 ; 1894, 14. 624; also, X. aiigew. C/ieiit.,

1891, 4, 412. (Determination of carbon in iron and steel, and of carbon dioxide in aqueous

solutions.)
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the lateral capillary e of a gas-volumeter B. The measuring tube of

the volumeter ends in a bulb of about lOO c.c. capacity, below which

the tube is graduated in -jL c.c. for another 50-60 c.c. The form of

tube, described below, in connection with the " Universal Gas-volumeter
"

may also be used, but it is not so suitable.

The glass tap f has two oblique passages {cf. p. 1 34), one of which

connects through the tube e to d, and the other through the tube g, and

the two-way tap ]i to the

" absorption vessel " E, which

is rather more than half-filled

with a solution of i part of

sodium hydroxide in 3 parts

Fio. 54.

of water ; its outer limb is

surmounted b}^ a tube /, filled

with soda-lime. B communi-
cates below, by means of a

Kiti. u3. T- piece and thick rubber

tubing, with the reduction

tube C (p. 139), which is graduated below the bulb between 100-130 c.c,

and with the pressure tube D, which also serves as a pump ; the two
tubes are held by the forked clamp /(p. 142), so that they can be moved
either separately or simultaneously. B, C, and D are filled with mercury.

Instead of the reiduction tube ending in a capillary, as shown in

the figure, it is better to use one fitted with a Gockel's mercury-

tap (p. 140). The adjustment of the reduction tube is made for

moist air as described above (p. 140). If no barometer is available
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for this purpose, the apparatus itself may be used to determine the

atmospheric pressure, as follows. The tap on C is momentarily closed,

all air expelled from B by raising D, the tap f closed, and D lowered

by about 0-5 m. to make sure that no air leaks in through /"; D is

then lowered for another 0-3 m. approximately, so that the mercury

just leaves the tap f and the vertical distance between the mercury

levels in B and D, which represents the barometric pressure, measured.

It is advisable to bind all the rubber tubes to the glass with fine

wire, with the exception of the connection between d and ^, which has

to be separated for each determination ; the apparatus should always

be tested before use, to make sure that it is air-tight.

To carry out a determination, the flask A is cleaned, care being

taken to remove all traces of acid, and a weighed quantity of the

substance for analysis introduced, together with about o-o8 g. of

finest aluminium wire. The best plan is to weigh out o-o8 g. of the

stock of aluminium wire, measure its length, cut off a number of similar

pieces and make each into a little roll, for use in each determination
;

this amount of aluminium should generate about 100 c.c. of hydrogen.

After the introduction of the substance and of the aluminium, the stopper

is replaced, d connected with e, and the air evacuated from A by

lowering D as far as possible and then expelling the air, drawn into B,

by raising U until the mercury reaches the tap/; this operation is

repeated two or three times. A few c.c. of pure hydrochloric acid,

diluted with three times its volume of boiled distilled water, are then

added through a, and the flask A warmed gentl}', with a spirit-lamp,

for about two minutes; a further quantity of dilute acid is then added,

the flask again warmed for two minutes, and this operation repeated.

In this way the carbon dioxide is liberated and the hydrogen generated

from the aluminium at the same time ; all the carbon dioxide dis-

solved in the liquid is expelled by the hydrogen, assisted by the

diminished pressure in the apparatus. Meanwhile D is placed so

that the contained mercury is at a low-er level than in B, If the

evolution of gas becomes too vigorous, the heating is discontinued.

When all the aluminium is dissolved and the liquid is quite clear, dilute

acid is added through a until the flask A and the tubes h and d are

quite full, almost as far as the tap f\ after closing f the apparatus is

allowed to stand for ten minutes for the temperature to become
equalised. ]\Ieanwhile A and d may be removed, cleaned, and the

substance for the next determination weighed out.

To prepare the pipette E for the absorption of the carbon dioxide,

air is blown in through i until the sodium hydroxide solution flows

out from the outer tube, leading from the tap //, which is then closed.

C and D are then adjusted until the mercury in C is at the 100 c.c.

graduation and also at the same height as in B. The volume of gas
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in B is read off, and then transferred to E, three times in succession, to

absorb the carbon dioxide, after turning the tap // so that E and ^
communicate, and opening the tap f. Tlie solution in E is finally

syphoned back to the tap It, C and D adjusted as before, and the

volume of gas in B again read off. If large quantities of carbon

dioxide have been absorbed, the apparatus should again be allowed

to stand for a few minutes so that the temperature may become
equalised.

Any small quantity of water which may get over into B, on heating

A, may be disregarded, the volume of gas in B being read from the

top of the mercury meniscus, both before and after the absorption of the

carbon dioxide.

The difference in the readings before and after the absorption of

the carbon dioxide represents the volume of the gas at o° C. and 760 mm.
pressure. If it amounts to ;/ c.c. it corresponds to «x 1-976 mg-

CO^, or //X4-497 mg. CaCO^. If / g. of substance were used for

analysis, then the percentage ot LU., is ~
, and the percentage of

CaCO.j . This calculation may be avoided by the following

method, which enables percentages to be read off directly.

Suitable amounts of the material under examination are weighed

out ; if percentages of COo are required, the following amounts are

taken :

—

For substances which contain much CO^ 0-1976 g.

For substances which contain less CO2 0-3952 g.

For substances which contain httle COj 1-976 g.

I c c = I per cent. CO^
I c.c. = 0-5 per cent. CO2
I c.c. = o-i per cent. CO^

If percentages of CaC03 are required, the following amounts are

taken :

—

For pure limestone ....
For marls rich in calcium carbonate

For marls poor in calcium carbonate

Substances containing very little cal-

cium carbonate, cements, etc.

"••799 S- >
I c.c.

0-2248 g. ; 1 c.c.

0-4497 g- ; I c.c.

2-5 per cent. CaCO,
2-0 per cent. CaCO.;

i-o per cent. CaCOj

•248 g. ; I c.c. = 0-2 per cent. CaCO^j

Exa//lp/cs.

A. Marl rich in calcium carbonate. Weight of substance : 0-2248 g.

First reading: 145-3 c.c. Second reading after absorption of CO.,

:

103-7 c.c. Difference: 41-6 c.c. 41-6 x 2 = 83-2 per cent. CaCOy.
B. Portland cement. Weight of substance : 2-248 g. First reading :

1 16-9 c.c. Second reading : 1 10-4 c.c. Difference: 6-5 c.c. 6-5x0-2=1-3
per cent. CaCO..

Or:—Weight of substance: 1-976 g. First reading: 116-1 c.c.
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Second reading : iio-4c.c. Difference: 5vc.c. 5-7 x o-i =0-57 per cent.

CO,.

The above method for the estimation of carbon dioxide has recently

been considerabl}' simplified by Lunge and Rittener,^ and rendered

applicable to the determination of this gas in the presence of chlorine or

of sulphuretted hydrogen. The decomposition of the salt is conducted

exactly as in the Lunge-Marchlewski method, and a similar flask

is used for this purpose, but the volumeter and absorption pipette

are replaced b\- an ordinary c)-lindrical Bunte burette. A saturated

brine solution is used, instead of mercury, as the confining liquid.

The method and apparatus is described in detail in connection

with the determination of chlorine and carbon dioxide (p. 514,

Fig. 146). To carry out a determination, the decomposition bottle

is first connected by means of the capillary tube {b d, Fig, 53) to

the capillary exit-tube of the burette, and the whole exhausted by
attaching an ordinary pump to the lower tap of the burette ; sufficient

exhaustion is obtained in two to three minutes, and the burette tap is

then closed and connected with the pressure bottle in the usual wa)-.

As a check on any possible leakage at this tap, a little of the brine

solution is introduced from the pressure bottle, so as to just fill the

capillary portion of the bottom of the nitrometer, and the tap again

closed. After the completion of the decomposition, the burette is

disconnected, allowed to stand for twenty to twenty-five minutes, and
the volume of gas read, after adjusting the pressure, and corrected for

temperature and pressure. The contained carbon dioxide is then

absorbed by introducing a solution of sodium hydroxide (1:2) into

the burette, through the attached funnel ; the contents of the burette

are well shaken, to promote the absorption of the carbon dioxide, and
further successive portions of sodium hydroxide are introduced until

there is no further decrease in volume. The final reading is then taken

and corrected for temperature and pressure as usual. The difference

between the two readings, before and after the absorption b}' sodium

hydroxide, gives the volume of carbon dioxide obtained. In correcting

the volume of gas, the vapour tension of the salt solution may be taken

as 80 per cent, of that of pure water. The solubility of carbon dioxide

in the brine solution is negligible, as the gas is only in contact with a

small surface of the solution and is not shaken up with it. Results

obtained by the authors with pure sodium carbonate, with cement and

with marl, agree well with those got by the Lunge-Marchlewski method.

The application of the method to the determination of carbon dioxide

in presence of sulphuretted hydrogen is described on p. 439, and in

presence of chlorine on p. 514.

' Z. aiigew. C/ieni., I906, 19, 1849.
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The Universal Gas-Volumeter.^

The manipulation of the Lunge-Marchlevvski apparatus is greatly

facilitated bv the use of the mechanical stand mentioned above

(p. 149). This is shown apart from its base in Fig. 55, which

' This apparatus wiih all necessary fillings is supplied by C. Desaga, Heidelberg, and by
A. Ji3ge, Zurich.
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represents the Universal Gas-Volumeter, as arranged by Lunge for all

gas-volumetric work. A is the measuring tube, B the reduction tube,

and C the pressure tube, as in the ordinary gas-volumeter. E is

the reaction or shaking vessel for the analysis of saltpetre, dynamite,

etc. (p. 144), with pressure tube F, and auxiliary bottle D (p. 137).

The parts a to i serve for determinations of carbon dioxide, as in

Fig- 53- The mechanical stand permits the rough adjustment of the

forked clamp / by means of the steel wire rope ;// ; this is wound on to

the drum ;/, which is provided with a spiral groo\e, and with a brake

acting on a cogged wheel, by means of the handle/. Five or six turns

of the handle suffice to move the forked clamp from the highest to the

lowest position {e.g., for evacuating). The brake works automatically

when the clamp is being raised ; whilst lowering, it is thrown out of

action by means of the small clutch shown in the figure. The exact

adjustment of the clamp / is effected by the screw j, connected with

the support of the drum ; this screw acts as a fine adjustment, by

pressing the wire rope forwards out of its direct position, thus increas-

ing the tension on the wire.

Both the reduction tube B and the pressure tube C can, of course, be

moved independently, as is always necessary for the final adjustment;

much relative adjustment of these two tubes is not usually required, as

the volume of air in the reduction tube is generally kept in the

neighbourhood of 100 c.c.

A straight-edge (p. 142) with spirit-level /, and supported by an

extension of the clamp /, may be used for the final adjustment;^ it

should reach across to the measuring tube A.

The measuring tube A is suitable for all classes of analyses. It has

a capacity of about 140 c.c. (150 c.c. would be preferable, were it not for

the added length), and is graduated from the top, in ^L- c.c, from o to

30 c.c. ; this portion of the tube is followed by a bulb, below which the

graduation is continued from 100 to 140 c.c. The measurement of

both small and large quantities of gas is thus provided for. The tube

can be moved in its two clamps, but this is not usually necessary, as

all adjustments are effected by means of the clamp /.

General Remarks on Measuring Vessels for Gases.

As emphasised on p. 44, it is essential that accurate, apparatus

should be used for measuring gases ; it should, therefore, be either

calibrated, or controlled and stamped by a recognised authority. In

the case of ordinary gas anah'ses, the main requirement is that the

volumes marked as c.c. should be actually equal to one another, but

in the case of gas-volumetric work, it is important that the graduations

' Cf. Ber., 1S91, 24, 3948.
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should correspond to actual c.c, as the weight of gas is deduced from

its volume. In calibrating the measuring vessels the following points

must be observed :— i. The adhesion of the confining liquid used ; in

the case of mercury this is zero, but it must be allowed for with water,

aqueous solutions, petroleum, etc. 2. The meniscus correction, which

varies, of course, with the nature of the liquid employed, and which

must be specially taken into account when the calibration by weigh-

ing water or mercury is done in an inverted position to that in

which the vessel is subsequently used. GockeP is quite justified in

contending that the graduations of gas measuring vessels should be

clearly stated, e.g., " Corn for H.,0 " or " Corr. for Hg."

I. Determination oe Specieic Gravity

The determination of the specific gravity of liquids plays an

extremely important part in chemical technology. It is almost

exclusively measured by means of hydrometers
;

p\-knometers, the

Westphal balance, and other well-known forms of apparatus for the

determination c>f specific gravity, arc only used occasionally. It is,

however, very desirable that a works' laboratory should possess some
instrument with which to control the readings of hydrometers, as the

latter, especially the cheaper kinds, are very often inaccurate.

A very reliable method of control consists in determining the specific

gravity of a suitable liquid, by weighing it in a calibrated litre flask, to

within o-i g., and then testing it with the hydrometers
under examination, using tables for the reduction of

their readings to specific gravities (cf infra). The
temperature for which the hydrometers are calibrated

.— must, of course, be adhered to. H}drometers must
2 not be greasy, soiled, or damp, before introduction

into the liquid ; they must be immersed carefully, and
must be read from below, at the height of the meni.scus

Fig. aO. r i i
•

i

of the liquid, that is, at A^ A^ (Fig. 56), and not at B^ V>.,.

H\drometers which indicate the specific gravity directly are fairly

often used for liquids lighter than water, and it would be advan-

tageous if they were used more in other cases, instead of the various

scales of Baume, Beck, etc. ; they are practically never used in works
for specific gravities above i-o. Fleischer's "Densimeter," the gradua-

tions of which represent multiples of o-oi, and are convertible into

actual specific gravities by addition of i, have unfortunately almost

entirely failed to be adopted in practice; on this scale, 7°D=i-07;
25 =1-25, etc.

Densimeter degrees are rather large. In the Twaddell hydrometer,

' Cf. C/iei)i. Zeit., 1 902, 26, 159.
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which was used in this countr)' long before the introduction of

Fleischer's densimeter, and which is still in general use for technical

work, the degrees are half of the above value. Each degree corresponds

to 0-005 sp. gr., prefixed by unit}'. Thus, 7^ Tw. = 1-035 '> -O Tw. = i- 100
;

100^ Tw.= 1-500 sp. gr., etc. Xo table is therefore required for the

conversion of degrees Twaddell into ordinary specific gravities, and
the value of a degree Twaddell is quite definite. It is remarkable

that this rational and practical hydrometer, the scale of which is usually

distributed over six spindles, should be almost universally used in

this country, which is so ver}' conservative and unpractical with regard

to weights and measures, whilst the continental nations, which have

all adopted the metric system of weights and measures (with the excep-

tion of Russia), have not yet adopted a rational hydrometer.

In the United States, the Baume hydrometer is used, for which a

special scale, different to that emplo\-ed in other countries, has been

adopted.

During the last generation, France, Germany, and other continental

countries have adopted the Baume scale almost universally, to the

exclusion of others ; the advantage thus gained is, however, very

limited, as there is no exact and recognised interpretation of the signi-

ficance of a Baume degree. The hydrometers were originalh- graduated

by calling the point up to which they sank in pure water o , and that

up to which they sank in a 10 per cent, salt solution at 17-50., 10' B.

The intermediate space was then divided into 10 equal parts, and these

"degrees" continued upwards, at equal intervals, so that the scale value

of each degree was the same, but in no way corresponded to equal

changes in specific gravity. The scale was also affected by the fact

that the salt used was seldom pure and dry, so that the specific gravity

of a so-called 10 per cent, salt solution varied considerably. Deter-

minations by Gerlach gave the value 1-07311 at 14 R. (i7''-5 C), and

from this he calculated a table comparing Baume degrees with specific

gravities.^ It is doubtful whether hydrometers, according to Gerlach's

scale, are made now ; their lower degrees do not agree with those

ordinarily used, and the higher ones show extraordinary differences.

Thus, according to Gerlach's values, 66'"B. =sp. gr. 1-8171, which would

correspond with a sulphuric acid of 89-5 per cent. H.,SO^, whereas the

real value of 66" B. is 93 per cent. H.,SO_j.

The modern practice is to mark the h}'drometers 66' B., at

the point to which they sink in "English sulphuric acid" (/>.,

sulphuric acid of 93 to 95 per cent. H.^SOJ at 17"- 5 C, and to

divide the space bet\\een this and o into 66 equal parts. But
uncertainty is introduced in the definition " English sulphuric acid."

Pure acid was certainly never employed, as is proved by the fact that

' Dingl. polrt. /., 1870, 198, 315.
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the specific gravity 1-842, which is usually considered the equivalent

of 66" B., is certainly greater than that of pure sulphuric acid at

i7°-5 C, even at its point of maximum density (97-5 per cent. H.>SOJ.
Apart from this, there is the uncertainty as to the percentage composi-

tion of the acid. Accordingly, many and very varying scales of the

Baume hydrometer were placed on the market ; a test made by C. F.

Chandler (1881) disclosed thirty-four different scales, none of which

were correct. About twent}'-five years ago, Kolb, in France, tried to

remove this confusion by the construction of a "rational" Baume hydro-

meter, the scale of which was based on the following perfectly sound

physical principle.

If a hydrometer sinks in water to o , and in a liquid D, of specific

gravity d, to ;/", then the weight of the volume of displaced liquid is, in

each case, equal to the weight (G) of the hydrometer, thus :

—

Weight of water displaced by hydrometer = G
Weight of an equal volume of liquid D = ^ G
Weight of water displaced by n scale divisions = n
Weight of an equal weight of liquid D = nd

As the weights d G and G differ by ?id,

dG-G = 7Jd ; therefore, d G , r- nd
and G = .

G — n d- I

If, according to Kolb, 66 B. is taken to correspond to sp. gr. 1-842 at 15" C, then

when «= 66, ^=1-842. This gives G=i-443, and

d = 144-3

144-3-?/

The formulae in the subjoined table are calculated from the values

', for the specific gravity of a 10 per cent, salt solution.

Temperature in

degrees C.
Liquid heavier
than Water.

Liquid lighter
than Water.

12' -5 C. 1-073596

15'-0C. 1-073350

17° -5 C. 1-073110

r/
-
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France, but it is used to a considerable extent in German}-. Two other

"rational" Baume scales are in use, nameh-, that used in Holland, in

which d= , and that adopted in America, in which d= ——

.

144— ;/
^ 145—//

In the following table the specific gravities corresponding to the

" Rational," Gerlach and American Baume scales, are given ;
^ the

table issued by the German Normal Standards Commission in 1904, for

the conversion of specific gravities at —- into '' rational " Baume

decrees is also given.

Comparison of various Baume Hydrometers, for Heavy Liquids,

with Specific Gravities.
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Table for the Conversion of Specific Gravities, at ^^
, into

4
"Rational" Baume degrees.

Sp.
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Table for the Conversion of Specific Gravities—Continued.

Sp.
gr-
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Other forms of hydrometer include the following :

—

Cartiers hydrometer, in which 2V corresponds to 22'' B., on the instru-

ment for liquids lighter than water; above and below this point, 16" B.

= 15' Cartier.

Beck's hydrometer, in which the point to which the instrument sinks

in pure water is taken as zero, and that to which it sinks in a liquid of

specific gravity 0-850 as 30" ; one-thirtieth of the intermediate distance is

taken as i
, and graduations of this value are made both above and

below the zero.

In Banme's hydrometer for liquids lighter than i<.'ater, the point to

which the instrument sinks in a solution of one part of salt to nine parts

of water is taken as o , and that to which it sinks in pure water as \o .

The distance between these points is divided into ten equal parts, and

the graduations continued to the top of the spindle, the zero being

placed at the bottom of the stem.

Degrees,
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A comparison of these hydrometers with the specific gravit}-, for

Hquids lighter than water, at i2''-5, is given in the preceding table.

If the strength of a liquid, containing a dissolved substance, is to be

determined by means of its specific gravity, the nature of all the consti-

tuents present must be known, and no foreign matter, which could affect

the density, should be present. A qualitative chemical examination

should therefore be made first, if necessary.

Hydrometers in actual use should be checked b}- comparison with

reliable standard instruments, graduated in real specific gravities ; if con-

siderable exactitude is required, the range of specific gravities on the

standards should be distributed over an extended series of up to nine-

teen spindles.

G. Mliller ^ tried to avoid this by constructing a " differential h}-drom-

eter," which is provided with glass weights, by means of which the

value of the graduations is altered in a definite manner ; Lunge is of

opinion that instruments of this character do not give satisfactory

results.

For the determination of the densit}' of solid substances, the

volumemeters of Schumann,"- !Michaelis, Thorner, and others are

used.^

A very simple and quick method for the determination of the

specific gravit}- of liquids consists in weighing the quantity delivered

by an accurate pipette ; the liquid must, of course, first be brought to

the desired temperature. Ruber* weighs the liquid in the pipette for

this purpose ; the pipette is not graduated for delivery, but so that it

contains exactly 20 c.c. from the point to a mark on the stem. More
exact results are said to be obtained with pipettes surrounded by a

Weinhold-Dewar vacuum jacket, but the necessar}- adjustment and

manipulation is then less simple.

An instrument for determining the specific gravit}- of small

quantities of liquid, called an Areo-pyknonietei\ has been devised by
Eichhorn.'' It is a hydrometer which contains a bulb, provided with a

stopcock, between the spindle and the gravity-bob ;
the bulb holds

10 c.c, and is filled with the liquid under investigation. If the instru-

ment is then immersed in distilled water at 17-50., the specific gravity

is indicated directly on the scale. A similar instrument has been

described by Rubenstorff''

Special hydrometers, such as alcoholometers, saccharimeters, acetom-

eters, etc., have long been used in various industries, some of which

are subject to official control. Similar instruments for the hydrometric

examination of mineral acids, alkalis, and salts, made according to the

^ Cf. P. Fuchs, Z, aiigew. C/iem., 1898, II, 505. * Chem. Zeit.^ 1903, 27, 94.

- Z. anal. Chem., 1884, 23, 1887. '" Ger. Pat. 49683.
' Cf. " Cements," p. 698. ^ Chem. Zeit., 1904, 28, 8S9.
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most reliable tables, have lately been introduced by G. Miiller ;
^ they are

not, however, in very general use. Detailed temperature correction

tables for these hydrometers, for nitric acid, sulphuric acid, hydrochloric

acid, and ammonia, and also tables for a large number of liquids and

solutions, have been compiled by P. Fuchs."- The tables of the Imperial

German Standards Commission will be referred to in' the section on
" Sulphuric Acid "

(p. 347).

The 2nd International Congress of Applied Chemistry (189C)

passed the following resolutions regarding hydrometers :
— '^

1. The scales should be either in specific gravities, or in degrees

Baumc, Brin, Balling, etc. The relation of these degrees to the specific

gravities to be determined b)- an international committee.

2. For liquids with different capillary properties, special h}drometers,

graduated accordingly, should be used ; otherwise corresponding correc-

tions must be made.

3. Readings should, as a rule, be taken at the intersection of the

surface of the liquid with the stem of the hydrometer, without regard to

the meniscus {cf. p. 156, Fig. 56). In the case of opaque liquids, where

this is impossible, the readings of a hydrometer, which has not been

specially calibrated for such liquids, must be corrected to give readings

corresponding to the actual surface of the liquid.

4. Hydrometers should be provided with a centigrade thermometer,

graduated from the zero-point.

5. One end of the spindle should be provided with a mark coinciding

with the final graduation of the scale, in order to be sure that the scale

does not change its position.

6. The total errors of a h}'drometcr should not be greater than one

graduation of the scale.

Further regulations were adopted b\- the 6th International Congress

of Applied Chemistry (1906), which bear chief!}' on the construction of

hydrometers; these include, as a general rule, that if hydrometers are

not used at the normal temperatures (15 or 20" C), the results must be

reduced to the normal temperatures, by reference to the special tables

prepared by the International Congress.^

Gockel'' is of opinion that h\'drometers should be marked, not onh'

with the temperature at which they are to be used, but also with the

temperature of the water taken as standard, and also with a statement

as to whether the specific gravities refer to normal pressure (760 mm.)

or to vacuum. The German Standards Commission calibrates hydrom-

eters with reference to water at maximum densit\- and at normal

1 Chem. Zeit., 1898, 22, 104.

- Z. angen: C/u)/!., 1898, II, 745 and 909.
"' Jahyesler. f. c/wm. Tech., 1896, 1167.

^ These tables have not yet been published.

•' Z. angeu: C/iein., 1903. 16, 562.
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(760). The weights of hydrostatic balances

such as Mohr's and Westphal's, are, on the contrar}', almost invariably

adjusted for—"'- (760), and cannot, therefore, agree with officially con-

trolled h}-drometers. Both h}-drometers and pyknometers should also

alwa}'s be marked with an indication whether they are to be read in

the plane of the surface of the liquid or at the top of the capillary

elevation.

k. aleasukf:.men"t of pressure and of draught: pressure
Gauges and Anemometers

The determination of the pressure of a current of gas is often

necessary in the course of technical work, especially those relatively small

differences of pressure which occur in chimney's, gas-generators, sulphuric

acid chambers, and similar plant; indeed, many chemical processes can

only be rationally conducted with the aid of regular measurements of

this nature. Observations of the differences of pressure, registered by
the instruments in use, are sometimes sufficient, whilst in other cases

the velocity of the current of gas and the quantit}' of gas traversing the

system in a given time are deduced from the observations by calculation.

Instruments which simply measure the statical difference of pressure

between two adjacent spaces, usualh' between the inside of an apparatus

and the external atmosphere, are called

Pressure Gauges or Mmiometers. Those

which measure dynamic differences, that

is, which register the velocity of the

current of gas directh', are called

Anemometers. Onl\- those forms of

anemometer which depend on mano-

metric principles will be considered ; for

the theory of the subject the reader is

referred to text-books on Ph}'sics and

Mechanics.

The simplest pressure gauges, which

are for many purposes quite satisfactory

for measuring small differences of pres-

sure, consist of glass U-tubes (Fig. 57) provided with a scale C ; one

limb of the tube is in communication with the current of gas by means

of the tube D, which is fixed through the wall E, whilst the other

limb B is open to the outside air. If the pressure on the left-hand side

of the wall is greater than on the right, the liquid will stand at a higher

level in B than in A, and conversely.

Fig. 57.
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Presssure gauges with a simple vertical tube, as shown in Fig. 57, are

not sufificiently sensitive for the measurement of the draught in flues,

etc., as a pressure of only o-i mm. of water corresponds to a velocity of

1-23 m. per second. The simplest apparatus for measuring such small

differences of pressure, with greater accuracy, is the pressure gauge, with

an inclined side tube, Fig. 58, designed by Peclet. It consists of a wide

vessel A, communicating with a slightly inclined side tube B, provided

with a corresponding scale. The tube is fixed to a vertical board, which

is supported on a horizontal stand provided with levelling screws and a

spirit-level, by means of which it can be brought into a horizontal

position ; the angle of inclination of the tube B is then easily deter-

mined. The liquid, either water or preferably alcohol, forms a very long

meniscus in the tube B, the summit of which, if the tube has a diameter

of 2-3 mm., is vertical to the cross-section of the latter, so that the

readings are very easily made. If the tube has an inclination of i in 25,

Fig. uS.

then each mm. on the inclined tube represents a difference of pressure

of ttV mm. in A ; as the scale can be read to 0-5 mm., pressures of o-02

mm. can be measured.

Alcohol is to be preferred to water as the registering liquid, both on

account of its smaller coefficient of friction, and also because it returns

to its original position much more quickly ; the pressures must then, of

course, be corrected in accordance with the specific gravity of the

alcohol. If alcohol of o- 800 sp, gr. is used, i mm. corresponds to o-S

mm. of water pressure.

The upper portion of the inner walls of the tube should be moistened

before each experiment by inclining the instrument.

As the reduction of the readings from the angle of inclination in B
to vertical pressure is onl}^ correct if the upper inner curvature of B is

true, which is seldom the case with glass tubes, it is better to choose A
of such a form that its internal diameter can be accurately measured,

and then to calibrate B empirically. This is effected by delivering

successive equal quantities of liquid, from a pipette, into B and noting

the level after each addition ; the height that each reading would

correspond to in A can be easily calculated, knowing the volume of the
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One form of this

liquid, and the diameter of A and the value of the scale on R, in vertical

pressure, is thus obtained.

The position of the tube, connected with the pressure gauge, in the

flue, and the angle at which it is inclined to the current of gas, are

very important in all manometric measurements. The statical pressure

is correctly indicated onl}' when the opening of the connecting tube

is at right angles to the direction of the current, as shown in Fig. 57 ;

the pressure also varies at different points in the cross-section of the

flue.

Accurate determinations of small differences of pressure can also

be made by means of the Differential Manometer.

instrument, designed by Seger, for the measure-

ment of draught and of pressure, is shown in

Fig. 59-

This consists of a calibrated glass U-tube A,

both limbs of which end in large glass tubes B
and C, of equal diameter. The tube B, A, C is

fastened to a board, which also supports a sliding

scale D, fixed parallel with one limb of A, and

adjustable by means of slits a a and screw-pins b b.

The U-tube is filled with two non-miscible liquids,

of almost thesame specific gravity, in such a wa)- that

their point of contact is near the zero of the scale.

Water and aniline or light petroleum spirit and

dilute alcohol may be used, and it is preferable to

colour one of the liquids. For the measurement

of pressures greater than that of the atmosphere,

the limb B, which is provided with a rubber stopper

and glass tube, as shown, is connected by means

of rubber, glass, or metal tubing with the flue or

chimney to be tested, C being open to the atmo-

sphere ; if a pressure less than that of the atmo-

sphere is to be measured, C is connected with the

flue and B left open.

The apparatus is fixed vertically on a wall near to where the

measurements are to be taken, and the scale adjusted so that its zero

graduation is at the surface of contact of the two liquids ; on then

connecting B or C with the flue, etc., to be tested, a slight difference

of level of the liquids in the upper wide portions of the two limbs will

be produced. This difference is multiplied in the movement of the

surface of contact of the liquids in A, in the ratio of the sectional areas

of B and C, and that of the narrow tube A.

If, for instance, the sectional area of B and C is twenty times

that of A, then a pressure-difference of i mm. will cause a displacement
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of the surface of contact X of 20 mm., so that very small differences

of pressure are easily observed.

The divisions on the scale may be either empirical, if relative

measurements only are required, or they may be made to correspond

to water-pressure in mm., for more exact determinations ; in the latter

case, the graduations are calculated from the above ratio, and the

specific gravities of the liquids used.

The sensitiveness and accuracy of the instrument increases nith

the ratio of the sectional areas of the upper vessels to that of the

lower tube, and with the nearness in specific gravity

of the two liquids employed.

Konig's differential manometer, Fig. 60, depends

on the same principle as the above. The two limbs

of the tube are concentric, which facilitates the read-

ings. A colourless liquid (mineral oil) and a red

liquid (coloured alcohol) are supplied with the appar-

atus. It is filled by removing the inner tube, intro-

ducing about loc.c. of the red solution from a pipette,

care being taken to avoid wetting the sides of the

tube, until it reaches the point a, and then carefully

pouring on the colourless liquid till it reaches /;,

without stirring up the red liquid below. The inner

glass tube, to which a piece of rubber tubing has

been attached, is then inserted as far as r, filled up

to d with the upper liquid, by suction, and then

pushed down into its final position, the liquid being

meanwhile kept at the same height, by keeping the

end of the attached tubing closed. To adjust the

instrument, air is carefully blown in from above, so

that one or two drops of the colourless liquid pass

into the lower red solution, until the surface of con-

tact of the two liquids stands at c. Should this point

be passed, the upper tube must be lifted out as far as c and the

operation repeated. The exact adjustment to the zero of the scale is

effected by means of a stud, after fixing the instrument in its stand.

Neither the instrument nor the stock solutions should be exposed to

direct sunlight. The apparatus is cleaned by rinsing with concentrated

sulphuric acid, washing with water, and drying carefull) . As the

point of contact of the liquids changes with the temperature, it must

be brought to zero before each determination. It is advantageous to

fit the apparatus with a three-way tap, which is ordinarily turned so

that the interior of the apparatus communicates with the external

atmosphere; the instrument is first adjusted to zero with the tap in

this position, before each observation, and then turned through a right

e

Fig. go.
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angle to establish connection with the space to be examined, the

reading taken, and the tap finally turned back to its original position.

Lunge states that this instrument works ver}' well, and that it is

more convenient than Seger's apparatus.

Langen's manometer, modified b\- Lux,^ Fig. 6i, also depends on

the principle, that if two tubes of unequal diameter communicate, then,

on disturbing the equilibrium, the alterations in

level of a liquid in the two tubes are inversely

proportional to their cross-sections. When the

difference in the cross-sections is sufficiently great,

the alteration of level in the wide tube may be

neglected, and the pressure measured by observing

the narrow tube only. Five modifications of this

apparatus are made, which are arranged for the

measurement of high and low pressures and of

reduced pressures ; it is a convenient instrument,

but it is not suitable for measuring very small

differences of pressure.

The velocity of a current of gas can be calcu-

lated from the pressure indicated by a manometer.

According to Peclet,- for a gas at a small excess

of pressure E, the velocity,

V 5960
\+at

E + B

Fig. 61.

where E is the pressure, in terms of a column of

water, indicated by the manometer, B the baro-

metric pressure, also in terms of a column of water

{i.e., the height of the mercur}- barometer x 13-59)

t, the temperature, and 0, the density of the gas.

The value of ^ varies with the form of the aperture through which

the gas escapes. For example, for atmospheric air at o and 760 mm.
barometric pressure {i.e., B = 10-334 m.) the relations between the

velocity V, in metres per second, and the excess of pressure E, in

metres are :

—

E
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expand towards the outside (Fig. 62), the relation to the angle a is as

follows :

—

Value of a

Thus the maximum is at 7

i-oo

I"

1-24 ivo

5^

•25

/

2-45

9^

1-95

20

1-30

30^

m8
50"

1-05

C, and is four times as great as the

velocity from an opening in a thin plate.

When a manometer is connected to the interior of the current of gas
by a cylindrical tube, with an opening placed vertically in the direction

of the current, as is very usually the case in practice, the value of

may be taken as =1, and accordingly the velocities, in metres per
second, are given directly by the above table.

It is to be borne in mind that the velocity varies in different parts of

the cross-section of the chimne^•, and therefore, in order to obtain a

.\
\v\ 'J/A

y, I /

^M}B

Fio. 63.

mean value, a series of readings should be taken by moving the tube D
(Fig. 57, p. 165) backwards and forwards ; from such determinations

the volume of gas passing up the chimney can be calculated, by

multipKing the average velocity by the sectional area.

The dynamic method of measuring differences of pressure, as

initiated by Peclet in his differential anemometer, consists in placing

both limbs of the manometer in communication with the current of gas,

the opening of the one connecting tube being placed verticall}- to, and

that of the other parallel to, the direction of the current. In this

case it is not the pressure-difference between the current and the outside

air which is measured, but that between the static and dynamic pressure

in the current itself The method is very delicate, and serves for the

direct measurement of the velocity of the current.

Fletcher has constructed an anemometer on this principle, which has

been improved and simplified by Lunge.
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It consists of two glass or brass tubes a and h (Fig. 63), which are

fixed air-tight, by means of a cori<, into a suitable opening in the

channel or chimney, in which the velocity of the gas is to be measured,

so that their ends are rather less than one-sixth of the distance of the

diameter of the flue from its inner wall. The tube a, with the straight

end, must be fixed as exactly vertical as possible to the direction of the

current, whilst the tube b must be so fixed that the gas blows straight

into its open end. These tubes communicate, by means of rubber

tubing, with the U-tube cd, which is half-filled with ether. The current

of gas produces suction at a and pressure at b ; consequently the ether

rises in d and falls in c. The difference in level between the ether

columns in c and d is measured by means of a millimetre scale and

vernier ; this is called the " anemometer reading." By turning the

sliding disc e through 180°, a is connected with c and b with d ; the

currents being thus reversed, an equal difference of levels, but in the

opposite direction, should be recorded, which serves as a check on the

first reading and should be identical with it.

The following tables serve for the calculation of the velocit)' of the

current from the anemometer readings.

I.—Table for the Reduction of the Anemometer Readings to

Velocity of Current, expressed in feet per second.

Column a gives the anemometer readings in inches ; column b the velocity in feet

per second at a temperature of 15" C. = 60' F., and barometric pressure

760 mm. = 29-92 inches.

a.
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II.—Table for the Reduction of the Anemometer Readings to

Velocity of Current, expressed in metres per second.

Column a gives the anemometer readings in millimetres ; column b the velocity in

metres per second at a temperature of 15"' C, and barometric pressure 760 mm.

a.
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recommended to consult text-books on Physics and the following

works :

—

High Teniperatttre Measiirevioits, H. le Chatelier, trans, by G. K.

Burgess, 2nd edition, 1904; Introduction to tJie Study of Metalluvg]',

Sir W. Roberts-Austen, 5th edition, 1902; the article on " Thermom-
etry "in the Dictionary of Applied Chemistry, by Thorpe and Muir

;

CheniiscJie TecJinologie der Brennstoffe, F. Plscher (1880- 1897), and

Chemisch-technische Analyse, Post ; the subject is also dealt with in the

section on " Clay," p. 568.

Temperature measurements may be divided into the two groups.

Thermometry and Pyronietry ; the first includes the measurement of

temperatures for which a mercur\- thermometer can be used, the

second, high temperature measurements. Recent developments of

technology may now also necessitate the measurement of temperatures

below the scales of the mercury or alcohol thermometer.

Thermometry,—The mercury thermometer is almost invariably

used for thermometric purposes in technical work ; alcohol thermometers

are used occasionally, but necessarily only for temperatures up to about

50", and they are not to be regarded as very exact. With ordinary mercury

thermometers, the limit of temperature that can be measured is at

most 300", owing to the unavoidable change in the capacity of the

bulb, as the boiling point of mercury (360 ) is approached. B\' filling

the upper space of the thermometer tube with nitrogen, under pressure,

and b}' the selection of suitable glass, mercury thermometers are made
which can be used up to 550' ; very long, ordinary thermometers, placed

vertically, so that the mercury column exerts considerable pressure,

may be used up to and above 360 .

Thermometers are very seldom checked by physical methods, in

technical laboratories ; it is usually sufficient to compare them with

one or more standard instruments ; such comparison is especially

desirable when thermometers have been exposed to high temperatures

for long periods. Corrections for the unexposed portion of the mercury

column are not usually applied in technical work.

It is often necessarx- to employ special forms of thermometers for

technical purposes, particularly instruments in which the bulb is

situated at some distance from the scale ; thermometers with bent

tubes, etc., are also necessary at times. The bulb and tube must

often be protected by a sheath, so as to guard against mechanical

injury or fracture through sudden heating. If a perforated metal tube

or other similar arrangement is used for this purpose, the thermometer

will indicate the temperature fairly accurately, but if an unperforated

sheath has to be used, the readings are always too low, even if the

sheath is filled up with mercury, copper filings, etc., as should always

be done. Some mechanical protection is afforded by wrapping asbestos
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round the exposed portions of the thermometer, but this considerabl}-

decreases the sensitiveness.

In order to ascertain that the temperature to be measured is not

too high for the use of a mercury thermometer, a very practical

suggestion, due to Weinhold, is to first place a piece of lead at the spot

where the temperature measurement is to be made ; the melting point

of lead is 323°, and if the test-piece does not show any softening at the

edges, even after some time, the mercury thermometer can be safely

used.

In cases where frequent readings are not required, and no small

rapid variations of temperature need to be observed, Weinhold
recommends the use of the thermometer block (Fig. 64).

This is made of cast iron or of copper, with an obliquely

bored cavity //, which is half-filled with mercury, and
provided with a perforated knob k ; it is introduced into

the flue, etc., to be tested, through a suitable opening, by
means of wire passed through the slit in the knob. The
block is left in position for ten to fifteen minutes, then

quickly withdrawn, and a small thermometer, which has

previously been warmed to about the required tempera-

\ / ture, at once placed in the cavity Ji ; the reading is taken

Fiu 04
when the thermometer reaches the highest point and
the mercury begins to fall.

Many forms of recording thermometers, for automatically registering

temperatures in drying chambers and the like, at a distant point, are in

use ; these all depend on the electrical transmission of the readings.

Pyrometry.—The following methods are in practical use for high

temperature measurements :

—

I. High teitiperattire TJieriiioineters. Mercury thermometers, filled

with nitrogen under pressure, may be used up to 550", as stated

above.

Kiihn ^ has drawn attention to the fact that works' thermometers,

made for use up to 550°, which are often several metres long, are

graduated for immersion to a definite position, which should always'^

be adhered to in making observations. . Also, that they may register

up to 30° too high, or from 50 to 200° 'too low, after being used for

some time ; the former error is due- to a contraction of the bulb,

arising from the instrument having been insufficiently "aged " -after

manufacture. Low readings arise from the expansion of the glass,

which may be caused by overheating, due to the thermometer not
having been properly adjusted to the right position, when in use. When
thermometers are inserted to other points than those for which they are

calibrated, a correction must be applied. Thermometers in which the

^ Chem, Zeit.y 1903, 27, 54.
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mercury is replaced b)' a low-melting allo\- of potassium and sodium

are also used for high temperature measurements, but they are

expensive, and very breakable.

2. Expansion Pyrometers. The expansion of solids is mainly made
use of in metallic pyrometers. One of the most usual forms, which can

be used up to 900', is that of Gauntlett and Desbordes,^ in which the

difference in expansion of a cast-iron and of a copper tube is measured.

Steinle and Hartung's graphite pyrometer is a conjunction of graphite,

which is assum.ed not to expand on heating, and metal ; it is graduated

up to 1200', and was formerly generally used in Germany.

The coefficient of expansion of metals alters after frequent and

prolonged heating, and therefore no expansion pyrometers are realh-

reliable ; they must accordingly always be compared with a standard

instrument at frequent intervals.

The expansion of vapours and the measurement of the resulting

pressure is made use of in the Tlialpotasiiiieter devised by Klinghammer.

This consists of a narrow tube, bent into the form of an S above, and
closed below. The whole of the shorter, and two-thirds of the longer

limb are filled with a liquid, the vapour pressure of which is measured

on a manometer, thus indicating the temperature. The liquids used

are liquid carbon dioxide for temperatures between —65' and i2'-5
;

liquid sulphur dioxide, for from —10° to +100°; dry ether, for from

+ 35" to 120'; distilled water, for from 100 to 226'; high-boiling

petroleum oil, for from 216' to 360'; and mercur}', for from 357"'

to 780 .

3. Air Pyrometers. Many forms of air pyrometer are in use, in

which the pressure caused by the expansion of air is measured. The
instruments used by physicists are much too complex for technical

purposes, for which, however, special forms have been devised, notably

those of Wiske,- F. Fischer,-^ Knofler,^ and Heisch and Folkard.'

A distinct variety of air p}Tometer comprises those in which the

difference of pressure between ordinary and heated air is measured, as in

the instruments of Wiske " and of Wiborgh." The latter is provided with

a correction for the atmospheric temperature and pressure, and gives

accurate results, but a special, though simple manipulation is necessary

before each observation, so that it is not suitable for continuous

readings.

Another form of air pyrometer is that of Victor Meyer and Riddle,^

in which the air is expelled from a heated platinum or porcelain vessel

' Made by Schaffer & Budenberg, ilanchester. " Z. angeu: Chem., 1 890, 3. 591.

- Ger. Pat 96s i. •» Ger. Pats. 40081 and 43603.
^ Cf. Hurter,/. Soc. Chem. hid., 1886, 5, 634. '^ Ger. Pat. 10065.

^ Ibid,, 43958 ; J. Soc, Chem. Ind., 1889, 8, 214 ; Stahl. u. Eisen, 1891, II, 915.

^ Ber., 1S93, 26, 2443 and 3100 ; 1894, 27, 3129.
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by means of hydrochloric acid gas, and measured, after absorption of the

latter.

4. Fusion poi}it Pyrometers. Temperature determinations, by obser-

vation of the fusion of alloys, were first made by Prinsep in 1828, and
have been extended by others, many special forms of apparatus having

been constructed for this purpose. For high temperatures, the non-

oxidisable metals, silver, gold, platinum, palladium, and their alloys, are

used, the melting points of which have been determined by Erhard and
Schertel, Holborn and Wien, Violle, Heycock and Neville, Harker, and
others.

The alteration of clay by shrinking is the basis of the oldest pyrom-
eter, that of Wedgwood (1782), which for nearly a century was the

only guide for the measurement of high temperatures ; it is now com-
pletely replaced by more reliable methods, of which the standard

"cones" introduced by Seger ^ (1886) are the most important. These
are known as " Segers fusible cones'^' and are largely used, especially in

the ceramic industries. They are small triangular pyramids, composed
essentially of quartz, sand, felspar, calcium carbonate, and kaolin, the

proportions of which are adjusted so as to give a series of fusion points

at intervals of 20" to 30°. The fusion points of the mixtures, as deter-

mined by Hecht- by comparison with the Le Chatelier electric pyrom-
eter, are given in the following table :

—

Number
of Cone.
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sufificientl)- fused for the summit of the cone, which being the thinnest

portion is always softened first, to bend over so that it touches the tile

;

the fusion point of this cone is taken as the temperature of the furnace.

Kochs and Seyfert^ have given "estimated" values for the tempera-

tures of fusion of Seger cones, which are considerably higher than those

of Hecht for the higher temperatures, but these can hardl}' be considered

to be so reliable. Heraeus - determined the fusion point of cone

number 36=1785' and number 37=1800' C. ; that of corundum =
1865°.

Cone 26 is only fused by the highest temperatures which have

so far been attained in technical furnaces, with the exception of electric

furnaces; it corresponds to the minimum melting point of "fire-proof"

clays. The cones 27-36 go up to the melting point of platinum, and

are mainly used for determinations of the fire-resisting properties of

clays.

Wiborg's Therinophone'^ is constructed upon an entirely different

principle. It consists of an explosive, surrounded by a fire-proof sub-

stance which is a bad conducter of heat, and is made up in the form of

cartridges. If one of these is introduced into a furnace, the time which

elapses before it explodes will vary with the temperature of explosion of

the contained substance, the thickness of the covering, and the surround-

ing temperature. The latter is estimated by observation of the time

interval between the introduction and explosion of the cartridge, and

comparison with an empiricall}- prepared table.

5. Optical Pyrometers} Optical phenomena have been made use of

in a variety of ways for pyrometrical purposes—either roughly, by

observation of the colour of incandescent matter and comparison with a

standard glass, or more accurately, in association with the spectroscope

or polariscope. The " lunette pyrometrique " of Le Chatelier is fairly

frequently used in France, but it cannot be regarded as an accurate or

reliable instrument.

Hempel '' has constructed a spectroscopic apparatus for high

temperature measurements, depending on the principle that for one
and the same substance the length of the spectrum increases with the

temperature.

Wanner's optical pyrometer "^ depends on the photometric comparison
of polarised light from a small electric incandescent lamp and the

' Z. angew. C/iem., 1901, 14, 721. - C/iem. Zeit. Rep., 1902, 303.
' Eng. Pat. 6284, 1895 ; /. Soc. Chem. hid., 1896, 15, 377. The cartridges are supplied by Dr

H. Geissler, Nachfolger, Bonn.
•* A valuable and full monograph on Optical Pyrometry, by C. W. Waidner and G. K. Burgess,

has been published by the U.S. Bureau of Standards, Bulletin No. 2, 1905, pp. 1S9-254.
^ Z. angew. Chem., 1901, 14, 237.
6 Ibid., 1902, 15, 715 ; cf. also, W. Feld, Chem. Ind., 1903, 23, 256. The pyrometer is supplied

by Messrs Townson & Mercer, London.

M
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furnace, etc., under observation. The instrument is arranged like a

telescope ; it is easy to manipulate, and is strongly to be recom-

mended for estimating temperatures above 1500' C. ; Le Chatelier's

instrument is useless above this temperature, and the Wanner pyrom-

eter has the further advantage, that it is better adapted for observing

temperatures at points situated at some distance from the walls of a

furnace.

In the Fery radiation pxTometer ^ or thermo-electric telescope the

radiation from an incandescent bod\- is focussed, either b}- a mirror or

by a system of lenses, on to a small and sensitive thermo-couple ; the

electromotive force generated by the raising of the temperature of the

couple is recorded by a sensitive potential galvanometer placed in series

with the couple, the scale of which is divided so as to give direct

temperature readings. The pyrometer is in the form of a telescope, and

is supplied to cover various ranges of temperature from 900' up to 3500 .

The readings are independent of the distance of the pyrometer from

the furnace, and are uninfluenced within wide limits by the size of the

hot body or observation hole under examination.

6. Calorimetric Pyrometers. Of the many forms of calorimetric

pyrometers for gases, that of Bradbury is designed to measure the

temperature of a hot-air blast, by mixing the gas with nine times its

volume of air; the temperature of the mixture is determined with a

thermometer and multiplied by ten. Values obtained by this method

can only be approximately correct.

Methods in which a solid is exposed to the source of heat, and the

absorbed heat determined calorimetrically, are much more important.

The method, if correctly employed, gives good results, and it was

formerly used for the control of other forms of p}Tometer previous to

the introduction of thermo-electric p}-rometry.

The principle of the methods is as follows :—A small cylinder of iron,

copper, or preferably of platinum, is placed in the furnace in a suitable

receptacle. When it has remained there long enough to acquire the

temperature of its environment, it is removed and dropped as quickly as

possible into a definite quantity of water, the rise of temperature of

which is measured with all the precautions necessary in calorimetric

work. The temperature, T, of the furnace is then found from the

equation :

—

T = /' +
pc

where / = the initial temperature of the water; /' = the final tempera-

ture of the water; /'' = the "water-equivalent" of the calorimeter, includ-

1 Comptes rend., 1902, 134, 977. The pyrometer is supplied by the Cambridge Scientific

Instrument Co., Cambridge,
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ing the contained \vater
; / = the weight of the metal c}'linder, and d=it.s

specific heat at the temperature T.

Various forms of these pyrometers are in use for technical purposes,

in which p and /' are constant, so that a simple factor can be employed
to facilitate the calculations. In Siemens' copper p}-rometer there is a

special scale, which gives the temperature corresponding to the

readings on the thermometer directl}-. Instruments graduated in this

way are, however, only suitable for rough determinations
; for more

exact measurements more accurate apparatus must be used, and the

results calculated as above.

7. Electric Resistance Pyrometers utilise the changes in the electric

resistance of metals, with the temperature for pyrometric measurements.

In the Siemens resistance p)Tometer, a platinum wire of a very

high degree of purity is wound spirally, in a corresponding groove, round
an earthenware cylinder which is contained in a strong cast-iron tube,

closed below, and is insulated from the tube by means of asbestos. The
spiral wire has a diameter of 0-4 mm., and is joined to three thicker

wires, which are of equal thickness ; one of these is fused to

one end, and two to the other end, of the spiral wire. These thicker

wires are protected by thin earthenware tubes, which are placed in the

further end of the same iron tube that carries the spiral ; only the

portion of the tube containing the spiral is placed in the furnace. The
thick platinum wires are attached b\' copper wires to a differential

voltameter, which is connected with a fairly strong galvanic batter}-.

The current of the latter is divided between two circuits, of which each

passes through one of the voltameters, one of them through a known
resistance in addition, and the other through the resistance to be

measured. As the currents in the two circuits are inversely propor-

tional to the resistances, and the quantities of gas generated in the

voltameters are directly proportional to the current strengths, the ratio

of the quantities of electrol}'tic gas is the inverse ratio of the resist-

ances. From this comparison the temperature is determined by
reference to a specially constructed table.

This pyrometer was for a long time regarded as a very reliable and
standard instrument, and its utility was widely recognised. As the

result, however, of special investigations, it has had to forego this

claim, it having been fully established that it is liable to changes of

zero.^

A modified resistance pyrometer, in which due precautions are taken

to eliminate the sources of error of the Siemens pyrometer, has since

been devised by H. L. Callendar.- In this instrument, the platinum

wire is wound on a mica frame and connected by stouter wires, either to

' Cf. Report by Committee of the British Association, Reports, 1874, 242.

- Phil. Trans., 1887, 178, 161. Phil. Mag., 1891, 32, 104 ; 1892, 33, 220.
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an indicator on which the temperature can be read directly, or to a
recording drum. The resistance wire is enclosed in a porcelain, steel,

or brass tube, according to circumstances, to protect it against fumes
;

a zero method is adopted for measuring the resistances with a galvan-
ometer. Rapidl}- varying temperatures can be readily followed and
measured, and the instruments are constructed for varying ranges of

temperature, between low temperatures and 1400'.^

r

Kio. C5.

This instrument has been largely adopted for many forms of

technical pyrometric determinations.

Resistance pyrometers, either with or without their accessory
apparatus, are verified b)- the National Physical Laboratory.

8. Thervio-elcctric Pyroiucters. Thermo-electricity was suggested
for the measurement of high temperatures by Becquerel (1830) and

1 The Callendar pyrometer is made by the Cambridge Scientific Instniment Company,
Cambridsfe.
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by Pouillet (1836), but Le Chatelier^ (188/) ^vas the first to construct a

really reliable and practical instrument, which can be used for the

measurement of very high furnace temperatures, and also for the

extremely low temperatures which have recently been obtained.

The working portion of the Le Chatelier pyrometer (Figs. 65 and 66)

consists of a thermo-electric couple, formed of a wire of pure platinum,

a, 0-6 mm. thick and 1-5 m. long, and a wire, If, of the same dimensions,

made of an alloy of nine parts platinum to one part rhodium. The
junction of the two wires, the temperature of which determines the

strength of the current, must be made without the use of any foreign

material ; Le Chatelier unites the wires by twisting them together,

whilst Heraeus and others adopt the more reliable method of fusing

them together. Both wires are insulated by means of porcelain tubes,

c and d, i m. long, which are protected in their turn by the iron tube

ee, as shown in Fig. 66. In a reducing flame, a platinum carbide is

formed which would alter the electromotive force ; the porcelain tubes,

which are glazed outside, prevent this action. The wires are connected

up outside with platinum wires leading to a d'Arsonval galvanometer

(Fig. 65), the needle of which gives readings on two scales. One of

these indicates the electromotive force in volts, and the other the

corresponding temperatures as determined by comparison with an air

thermometer ; the readings of the instrument on the former scale can,

therefore, be easily controlled by comparison with a Clark's standard

ceH.2

The National Physical Laboratory undertakes the verification of

thermo-junction pyrometers at temperatures between 300 and 1300',

Instead of the arrangement of porcelain and iron tubes, shown in

Fig. 65, which is suitable for large furnaces, other forms can easily be

made, adapted for use with crucibles, tubes, and other laboratory

apparatus. One of the great advantages of this instrument is that it

can be used equally well for the measurement of the temperature of

' Coi^iptes rend.^ 1886, 102, S19 ; Bull. Soc. Chim., 1887, 47, 42.

- The Chatelier and other forms of thermo-electric pyrometers are made by the Cambridge
Scientific Instiument Company, Cambridge.
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either large or small masses of material, as it is only necessary to

expose the thermo-junction ab to the temperature to be measured.

The galvanometer may be placed at a considerable distance from

the furnace, etc., without the necessity of making any allowance for the

resistance of the conducting wires—for instance, in the office of the

works-manager—but it must be on a support free from vibration, such

as a wall-bracket. If it is at such a distance from the thermo-couple

that the external resistance of the circuit is essentially greater than

I ohm., this must be allowed for in the calibration ; for distances up to

lOO m., insulated copper wire of 2 mm. diameter may be used as the

conducting wire. The thermo-junction and the leads to the galvanom-

eter should be practically at the atmospheric temperature ; this can

be effected, either by having a sufficiently long thermo-couple, or by

special cooling.

Full precautions must be observed in the adjustment and use of the

galvanometer ; it must always be accurately centred and perfectly

horizontal, as otherwise the needle will not come to rest at the zero-

point of the scale. If the temperature of the cold junction is higher

than that at which the instrument has been calibrated, the galvanom-

eter scale must be moved from right to left by the number of degrees

corresponding to this difference. Thus, if the junction is at 50'' C, and

the calibration has been effected at o", the temperature usually adopted

in the verification of thermo-junction pyrometers by the National

Physical Laboratory, the needle will, after correct adjustment, come to

rest at the 50^^ graduation of the scale. As an alternative, this temper-

ature difference may simply be added to the temperature found, with

the galvanometer adjusted to the zero of the scale.

The thermo-couple should be chosen of such length that the

terminals are so far from the furnace that their temperature does not

much exceed that of the atmosphere. For technical purposes the

relatively small difference in temperature is then usually disregarded,

and the galvanometer readings as calibrated are considered to be

sufficiently accurate. The thermo-couple should only be used

without a protective sheath when contact with substances which might

affect the incandescent platinum is excluded ; any luminous flame has

an injurious effect. If either of the wires of the thermo-couple breaks

off, a satisfactor)- contact can be made by twisting the loose ends

tightly together for a distance of about i cm. The thermo-junction of

the two wires may be repaired similarh-. For most technical purposes

the thermo-couple should be mounted in a porcelain tube ; one wire of

the couple is then held in a narrow porcelain tube so that the thermo-

junction projects just outside, whilst the other wire passes back along

the outside of the tube, thus ensuring the insulation of the two wires

from one another. The tube mav, of course, be made up of several
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sections. A wider porcelain tube, glazed outside and closed at the

bottom, serves to protect the couple from the action of furnace gases,

etc. To protect the outer porcelain tube against mechanical injury and

violent fluctuations of temperature, it is often advantageous to wrap it

in asbestos fibre, and to place it in an outer tube of iron, nickel, or

fire-clay. If metallic protecting tubes are used, care must be taken

that they are not bent by the heating, and thus cause breaking of the

porcelain tubes inside.

If the couple is to be left in the furnace for some time, this method

of protection should always be adopted. Xo further precautions are

necessary at temperatures below iooo\ Above this temperature the

iron becomes white-hot, and may bend and break the porcelain tube

within ; the couple should in such cases be onl}- left in the furnace for

a short time, or the iron sheath should be supported on a fire-clay slab,

or coated with fire-cla}-, or protected b\- a fire-clay tube.

The length of time necessary for a thermo-couple to attain a

temperature of 700^ is five minutes if protected by a porcelain tube

only, and ten minutes if it is further wrapped in asbestos fibre and

placed in an iron sheath. If practically immediate readings are required,

the thermo-junction is left unprotected, and the main length of the wires

protected as above ;
the thermo junction becomes brittle in time, how-

ever, with this treatment, and must be re-joined.

Rapid fluctuations of temperature should be avoided ; the tube

should be slowly warmed before being placed in the furnace, and

should be allowed to cool slowly after removal.

O. Pfeiffer^ is of opinion that the fragile and expensive outer

porcelain tube d (Fig. 66, p. 181) may be omitted altogether and the two

wires of the couple passed through thin-walled porcelain tubes i-2 m.

long, 4 mm. external, and 2 mm. internal diameter. These are placed in

an iron gas-pipe i cm. wide, and a little shorter than the porcelain tubes,

so that the junction projects at one end, and the free space is filled in

with asbestos fibre.

M. Calculation of Analytical Results

Means which shorten the calculations of anah'tical results, especially

if they also contribute to the avoidance of error, greatly facilitate

the work of a technical laborator}-. Four-figure logarithms are not

sufficiently accurate for most work, as the fourth place is uncertain,

but five-figure logarithms almost alwa\'s suffice. Ready-reckoners are

preferred by man}-, and the slide-rule can be very advantageously used

for many technical calculations. Tables special!)- calculated for chemical

purposes, such as those given in books on Anal}'tical Chemistry, and

' Z. angew. Chem., 1901, 14, 390.
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reference tables, are a still more convenient adjunct for analytical

calculations.^

Published tables are naturally not adapted for every class of work,

and in many cases it is convenient to prepare special tables of factors,

for specific calculations such as those given in the section on
" Sulphuric Acid," or for use with the nitrometer (p. 146).

It is a general rule, in both scientific and technical analysis, to

calculate to one, and only one figure, beyond that which can be regarded

as significant. If a method is reliable to within one-tenth per cent., the

percentage results should be given to not more than two places of

decimals. If, however, an ore is valued in percentages only, it is

often advisable to give the analytical result in whole percentages, or

at most to one quarter or one-tenth per cent, so as to avoid confusion

in the sales.

There are two quite different cases which must not be confused

in this connection. If the main constituent of a substance, representing

perhaps 50, 80, or 90 per cent, of the total, has to be determined, the

percentage will practically never be given to more than two places of

decimals, as even the first place will only be reliable in exceptional

cases. In most other cases, also, it would be useless, or even misleading,

to give the percentage to more than two places of decimals. But

where a constituent has to be determined which only occurs in very small

amount, such as gold in quartz, phosphorus in steel, ammonia in water,

and the like, it is necessary to give the result to a hundredth or even to a

thousandth per cent, of the original substance, provided the analytical

methods emplo}-ed are sufficiently accurate and a knowledge of the

exact quantity is important.

The choice of the atomic weights to be used in calculating the

results of analyses is an important consideration. New determinations

are constantly being made, and within recent years many fundamental

figures, e.g. the ratio H:0=i : 15-96, which had long been considered

absolutely reliable, have been found to need revision ; nor can work in

this direction be regarded as final. Many chemists are accordingly of

the opinion that it would be an advantage to use approximate atomic

weights for technical purposes, as these are less likely to be affected by
subsequent determinations ; others maintain that it is wrong in

principle to use numbers which are really inaccurate, such as 197 instead

of 197-2 for gold, which is certainly too low.

The rounded-off values were used in the former (German) edition

of this work, largely because considerable differences of opinion existed

as to the exact atomic weights of many of the elements. The table

' Lunge recommends Logayilhmische Rechentajeln fur Chemiker, by F. W. Kiister, 6th

cdilion, 1906, which have been used throughout for the calculation of the figures given in this

book, except for the volumes of gases, which have been calculated from the obser\ed densities.
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prepared by the International Committee on Atomic Weights, which is

given below, has almost completely removed this objection to the use

of the values, now regarded as the most accurate. The atomic weights

are all given on the basis 0= i6, as this is the only basis likely to be

adopted internationally for analytical purposes, and a universal agree-

ment of this character is of far greater importance for technical purposes

than any theoretical advantages of the basis H= i.

hiteiiiational Atomic WcigJits (1908).
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When tables are employed, the use of exact figures, which is

certainly of advantage, takes practically no more time than that of

approximate numbers. If the latter are preferred, as being often

sufficient for "practical" purposes, the values and factors given are

easily rounded.

With regard to the formulation of analytical results, W. Fresenius ^

considers that it is most desirable that the formulse of all constituents

should be appended to their names ; that the name of an acid should

be understood to indicate the acid itself, and not its anhydride or

characteristic ion ; that if results are expressed according to the old

dualistic notation, they should be written, " Sulphuric acid (anhydride)

SO3," or " Sulphuric acid, in terms of anhydride, SO.5," and so on ; and

that if expressed in ions, the names of the metals should be used, or in

case of various stages of oxidation, such terms as " Mercurous-ion,"

" Mercuric-ion," and the anions expressed as " Sulphate-ion SO^," etc.

Literature on Volumetric Analysis

Classen, A.

—

Ausgcwdhlte Meihodcti dcr atjalytischen Chcviie^ 1901-3.

Fresenius, R.— Quantitive Chemical Analysis^ 7th edition. Vol. i. translated by

A. Vacher, 1876 ; vol. ii. translated by C. E. Groves, 1900.

Mohr-Classen.—Lehrbuch der cheJ/iischen analytischen Titririnethode, 7th edition,

1896.

Sutton, F.— Volumetric Atia/ysts, 9th edition, 1904.

Treadwell, F. p.—Analytical C/iejinst?y, translated from the 2nd German edition

by W. T. Hall, 1904.

' Fi/ili International Congress of Applied Chemistry^ 1903 ; Z. angew. Chem., 1903, 16, 539-
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TECHNICAL GAS ANALYSIS

By Professor F. FiSCHER, Gottingen. English translation revised by

Charles A. Keane, M.Sc, Ph.D.

The analysis of gases is undertaken chiefly in connection with the

examination of gaseous fuels and of combustion products. It also

constitutes a most important method of analysis in the alkali industry,

in the manufacture of illuminating gas, and in many other branches of

chemical manufacture ; the special methods that are employed in

these cases are described under the respective sections.

In all branches of gas analysis the proper taking of the sample is

quite as important as the method of analysis adopted. In the case of

chimne\- gases, samples may be regarded as having a fairly constant

composition if the charging is done by means of a hopper, or by some
continuous mechanical process, but with ordinary intermittent charging

the composition varies considerably : this is illustrated in the following

data obtained in the firine of a boiler furnace :

—

Carbon dioxide

Carbon monoxide

Oxygen
Nitrogen

Soot .

In such an instance the analysis of a single sample is seldom of

value. So-called average samples are equally unsatisfactory, because

even when a constant method of suction is used for taking the

sample, it is hardly possible to collect such a fraction for anal)'sis as

really represents the composition of the whole. Even were such a

method reliable, analyses made from single samples obtained in this way
would seldom be of use, and would, moreover, lead to wrong con-

clusions in respect to the working of a furnace. Such analyses, for

instance, led Scheurer-Kestner^ and Schwackhofer ^ to the entirely

1 Minute after



190 TECHNICAL GAS ANALYSIS

erroneous assumption that at least two to three tin:ies the volume of

air, theoretically necessar}-, is required for complete combustion.

A reliable criterion of the course of a combustion can only be

obtained by the analysis of a series of separate samples taken at

successive short intervals ; the effect of the stoking and similar

influences can then be gauged. If the nature of the fuel is fairly well

known, the possible presence of appreciable quantities of carbon

monoxide and ofother combustible gases can be judged from the total of

carbon dioxide and oxygen that are present ; in such cases the deter-

mination of the two latter gases suffices.^

In order to determine the small quantities of combustible gases

which may occasionally be present in normal chimney gases, even

accurate volumetric methods are insufficient, and gravimetric methods

of analysis must be employed; these are carried out by drawing the

sample for a sufficient length of time through a suitable absorption

apparatus, whilst at the same time a gas-volumetric test is made every

five or ten minutes, in order to follow the course of the combustion.-

An old method that serves as a rough criterion of the course of a

combustion consists in inserting a burning splinter in the effluent gases
;

if it continues to burn, a large excess of oxygen is indicated. Schaffer

and Budenberg;' and also Hempel,^ have suggested placing a gas flame

in the exit gases, as a similar indication.

Several forms of apparatus have been designed for the automatic

examination of chimney gas. Of these the "Ados"^ or " Sarco"

apparatus, in which the carbon dioxide is determined by absorption, is

extensively used. Other automatic forms of apparatus for the deter-

mination of the carbon dioxide in chimney gases are the Simmance-

' Since C + 02=00.2, the 2i per cent, of oxygen in air gives 21 per cent, of carbon dioxide
;

for the combustion of hydiogen every 2 kilos use up ii-lS cb.m. of oxygen. In the case of a coal

having the composition :
—

Carbon . . . . . 84. per cent.

Hydrogen . . . . . 4 ,,

Oxygen ..... 8 „

Ash, water, etc. . . . . 4 ,,

the burning of i kilo involves the consumption of air required for 0-84 kilo carbon and 0'03 kilo

hydrogen, the contained oxygen of the fuel sufficing for the combustion of the rest of the hydrogen.

F"or every f-^
= 7 x 22-3= 156-1 cb.m. of carbon dioxide formed, f x II-IS —0-75 x 22-3— 16-75

cb.m. of oxygen disappear from the gaseous products, owing to the combustion of the hydrogen.

If, therefore, the chimney gases contain 14 per cent, of carbon dioxide, the average free oxygen,

when combustion is complete, will be 21 -
( 14 - "' - j = 5-5 per cent. After a fresh stoking

the proportion of free oxygen decreases to 4-5 per cent., but increases to 6-7 per cent, when the

charge is spent. The analytical results should be in accord with these data, and should always

be carefully checked if this is not the case.

- Cf. Dinghpolyt. J., 1884, 251, 323 ;
Fischer's Jahresher., 18S5, 31, 1295.

"• Z angew. Chem., 1888, I, 167. * Chem. hid., 1886, 9, 98.

•' Z. angew. Chem., 1905, 18, 1231 ; Ger. Pat. 160288. The apparatus is supplied by Sanders,

Rehders & Co., 108 Fenchurch St., London, E.G.
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Abady " Coi/ibiistioii Recorder''^ and the " Autolj'sator" - of Strache,

Johoda, and Genzken. H. le Chatelier"^ has suggested a rapid

method for testing chimney gases, in which the ends of two insulated

conducting wires are connected by a deposit of copper oxide, which is

placed in the path of the chimney gases ; if the air supply to the fuel

is insufficient for complete combustion, the copper oxide is reduced to

metallic copper, and an electric circuit is completed, either to a

galvanometer or to an electric bell ; if there is sufficient air, no

reduction takes place and no current passes. F. Haber,'* has designed

an instrument by means of which the composition of chimney gases is

estimated by the observation of the refractive power : it can be adapted

for photographic registration as well as for direct reading, and is

sensitive to differences of from o-2 to 0-25 per cent, of carbon dioxide.

It has frequently been proposed to deduce the content of carbon

dioxide from the specific gravity of the gases. Uehling and Steinhardt ''

have suggested the determination of the rate of effusion for this

purpose ; Lux and Precht*^ pass the gas through a hollow ball, which is

subsequently weighed. Pfeiffer '' and Arndt ^ draw the products through

a suitable holder suspended on a balance, and Siegert ' passes the gas

through a hollow ball, which is arranged to swing on a balance, so that

the pointer indicates the percentage of carbon dioxide directly. Results

obtained by such methods can only be regarded as approximate values

which may be of use as a check on the ordinary working of boilers and
the like, because the specific gravity of the gases is not only dependent

upon the carbon dioxide, but also upon the water-vapour, uiiburnt gases,

etc., and is, moreover, variable with the pressure. A proper chemical

examination is accordingly to be regarded as the only satisfactory

method of analysis.

The Collecting of Samples

The collecting of samples is effected by withdrawing the gases

from the flue or chimney, through connecting tubes, into a suitable

containing vessel. The containing vessel may either form part of the

gas-analysis apparatus, as is generally the case when the sample

is submitted at once to analysis, or it may be an independent vessel

suitable for transport. If the gas to be sampled is under pressure the

filling of the vessel is easily effected, otherwise an aspirator must be
1 Eng. Pat. 1S680, 1906. The apparatus is made by Alexander Wright & Co., West-

minster, London.
- Z.f. c.'iem. Apparatenkufide, 1907, 2, 57. The apparatus is made by the Ver Fabriken fiir

Laboratoriumsbedarf, Berlin.

^ Bii.'l. Soc.d' Eiicourag., 1904, 106, 471 ;
/. Soc. C/iem. Ind , 1904 23, 951.

^ Z. EUclrochem., 1906, 12, 519. ^ Fischer's Jahresher.^ 1896, 42, 1 166.

« Ibni., 1893, 39, 1205. ' D. R. P., No. 78612.
** Ibid., Nos. 70829, 125470, and 129163.
•' Z, Verein, deutsch. Ing., 1888, Ji^, 1090 ; 1893, 37, 595.
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employed ; small indiarubber aspirators, such as that shown in Fig. "jG

C (p. 199), and various forms of glass aspirators and water-pumps, are

generally used.

Previously to collecting the sample, it is important to be certain that

all air is remov^ed from the connecting tubes and any other

intermediary apparatus. The material of the connecting

tube must be selected so as to resist the prevailing

temperature, and it must be unaffected by the con-

stituents of the gas. Glass tubes are used whenever
possible ; they can be safely emplo}'ed for temperatures

up to 500 or 600'. Above this, porcelain tubes are used
;

these necessitate gradual heating up, owing to their

liability to crack. Iron and other metal tubes should be

avoided
;
in presence of oxygen, iron tubes effect a con-

siderable absorption of this gas, even at low temperatures,

and give it off to reducing gases. It has been found, for

instance, that in passing generator gases through iron

tubes, heated to a dull red heat, the percentage of carbon

dioxide increased from 1-5 to 26 per cent.^ The connect-

ing tubes are held in position by a perforated cork or

rubber stopper, or by means of a suitable cement. Should

there be any doubt that a well-mixed sample of the gases

has not been obtained, further samples should be taken at

some other point in the furnace or gas pipe.

To collect the gases from a Bessemer converter,

F. Fischer- uses a porcelain tube (Fig. Gy^, placed inside

an iron tube /;, the two being held together at (T by a

collar of fireclay, and the porcelain tube projecting about

5 cm. beyond the iron tube. The porcelain tube is con-

nected with the glass tube z at f, by a joint made with a

mixture of clay and water glass ; the glass tube is con-

nected by rubber tubing g, to a series of bulbs w, the last

of which is attached to a small rubber aspirator. To
collect the sample, the tube is placed in an upright posi-

tion over the mouth of the converter, so that it is in the

centre of the current of gas ; the sample is then aspirated

through the bulbs, one of which is sealed off every two

minutes.

Apparatus for Storing Samples of Gases.— If the gas

sample is not drawn directly into the gas-analysis appar-

atus, transport vessels are necessary. Glass bulbs of about 100 c.c.

capacity (Fig. 68) are used, which are attached to the collecting tubes

1 Fischer, Dingl. polyt.J., 1879, 234, 528.

- Z. Verein. deutsch. htg., 1 902, 46, 1006 and 1367.

'"L i
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as described above (Fig. (Sj . After being filled, they are sealed off at a,

on either side. Should it be necessary to seal off the tubes in the open,

a small oil lamp (Figs. 70 and 71, in half

actual size) may be advantageously used. It

is provided with a wickholder d, and a metal

cover B, having air-holes at the bottom r, a

larger opening at the top, and a round hole c

at the side, through which the blowpipe flame, blown from the blowpipe ;/,

(to which a rubber tube and mouthpiece are attached) is directed.

vy

1—

Oi'^ioVo

Fig. 70.

Fig. 69.

If the samples are only kept for a few hours before examination,

ight glass cylinders of about 100 c.c. capacity, provided with well-

ground stopcocks at either end, may be used (Fig. 69). A
convenient form, of tube, in which a sample of gas can be

sealed and subsequently withdrawn readily for analysis, is

described by Sodeau.^

The gas sampler devised by Stead - (Fig. 72) is a ver\-

useful form of apparatus, by means of

which the sample can be aspirated and

subsequently readily transferred for ana-

lysis. The gas-collector H is provided

with four stopcocks, of which C is attached

to the reservoir A, by means of a stout piece of rubber tubing. The
reservoir is filled with mercury or water, according to the nature of the

sample to be taken. B)- placing the reservoir

on the shelf B, and opening the taps C and D,

the air in H is expelled and replaced by the

mercur}-. The taps C and D are then closed,

the connecting tube from the flue or chimney

connected to E, and the reservoir lowered ; b\-

now opening D and E, the gas is drawn through

the collecting tube and the upper tubes of the

aspirator, thereby completely removing the

contained air. D is then closed, the reservoir

placed under the tap F, and the latter opened,

when the mercury flows out, thereby drawing

in the gas, the rate of entrance of the gas being

regulated by the rate of flow of the mercur\-.

After the sample has been collected, the taps are closed and the gas

' /. Soc. Chem. Ind., 1903, 22, 190. - /f>iJ., 1889, 8, 176.
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transferred for analysis, by placing the reservoir on B and opening the

stopcocks C and D, sufficient gas being first allowed to escape to clear

the connecting tubes. If the sample is to be kept for some time, it is

well to put the gas under slight pressure, by opening C, whilst the

reservoir is on the shelf, after the sample has been collected. A similar

form of sampler has been described by Kent Smith and Towers.^

Apparatus for Gas Analysis

The apparatus for carrying out the analysis of gases may be
divided into two groups :

—

1. Apparatus ix which the measuring tube serves also
FOR the absorption.

2. Apparatus in which the measuring tube is apart from
THE absorption APPARATUS.

The first group includes the Bunsen - eudiometer, and the gas
burettes designed by Winkler, Buntc, and Honigmann. Of these the

eudiometer is not emplo}-ed in technical gas

analysis.

Winkler's Gas Burette.'—This form of ap-

paratus is one of the earliest forms devised for

technical gas analysis ; although still used, it has

been largel}- replaced by later and more con-

venient forms of apparatus. It consists of two

communicating tubes (Fig. y^), held in position

by clamps and connected at the bottom by a

rubber T-piece K, the free end of which is closed

by a pinch-cock, and which is made use of for

cleaning out the apparatus. The graduated

measuring tube is provided with a simple tap B
at the top, and a three-way tap A at the bottom

;

the capacity between the two taps, which must be

determined by an exact measurement, is about

lOO c.c. The pressure tube is provided with a

tap C for levelling purposes, and is closed at the

top b)' a rubber cork D, to which a rubber tube is

attached. The stand is provided with a movable
Fk:. 73.

holder for the tubes, so that the\- can be placed

either in a horizontal or in a vertical position. In the manipulation

of the apparatus, the measuring tube is first filled with the sample of

^ /. Soc. Chem. Ind., 1897, 16, 400.

- Gasometrische Methodeii, R. Bunsen, 2nd edition, 1877; English translation by Sir H. E.

Roscoe of 1st edition, 1857.
'^

J. prakt. Chem.^ 1872, 6, 303.
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gas, either by suction, or by pressure, through the tap A, the tap B
being kept open during the filHng ; after the contained air has been

completely displaced, the taps are closed and the sample of gas

brought under atmospheric pressure by momentarily opening A or B.

The absorption liquid is then introduced into the pressure tube, and

any gas below the tap A driven out, by making the connection between

A and the outside air ; the tap is then turned into the position con-

necting the two tubes. The liquid at once begins to enter the measur-

ing tube, and its access may be facilitated by blowing through the

rubber tube attached to D ; after sufficient liquid has been introduced,

the tap A is turned and the absorption hastened by alternately placing

the tube vertically and horizontally. When no more absorption occurs

the level of the liquid in the two tubes is adjusted, either b}- means of

the tap C or of the pinch-cock at K, and the reading taken. Carbon
dioxide is absorbed by potassium hydroxide, oxygen by alkaline

pyrogallol, and carbon monoxide by cuprous chloride solution.

Winkler^ recommends an ammoniacal cuprous chloride solution, whilst

others prefer a hydrochloric acid solution ; both are reliable if a fresh

solution is used for each determination, but this is necessary, as old

solutions are apt to give off carbon monoxide, and may thus cause an

increase of volume after absorption {cf. p. 210).

Bunte's Gas Burette.-—This burette is a development of a simpler

form of apparatus due to Raoult."'

It consists (Fig. 74) of a burette A provided with taps a and /;, of

which <^ is a three-way cock ; the burette is fitted with a water-jacket to

protect it against rapid changes of temperature. The space between the

taps is rather more than 100 c.c, and is divided into fifths of a c.c. The
100 c.c. division coincides with the bottom of the tap b, and the zero is

6 or 8 cm. above the lower tap a ; the divisions are marked for 10 c.c.

below the zero. The funnel c is provided with a mark, and all

measurements are made at atmospheric pressure, plus the pressure of a

column of water, contained up to this mark in the funnel. The reservoir

C, which can be attached by a rubber tube to the bottom of the burette,

as shown, serves to fill the latter with water ; an ordinary funnel may be

used for the same purpose.

The sample of gas to be analysed is introduced by first filling the

burette with water from the reservoir C ; the taps a and b are then

closed and the rubber tube from C detached. The three-way tap b is

then connected with the gas supply, and the sample drawn into the

burette by running water out of the bottom tap a. Rather more than

100 c.c. of the gas are drawn into the burette, and the adjustment to

the zero mark is then made by means of the aspirating bottle S, which

' Z. anal. C/iein., 1889, 28, 269. - Diiigl. polyl. /., 1878, 228, 529.

3 Comptes rend., 1876, 82, 844.
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serves for forcing water into the burette, or for withdrawing it therefrom.

In both cases the rubber tube s is filled with water by blowing at /, so

as to remove all air, and

,

^,; ,^ whilst the water is still

li. iii'llillllifcl running out, it is at-

tached to the tip of the

burette at a. For the

adjustment, the gas in

the burette is com-

pressed to about 95 c.c.

by forcing water in from

the bottle S. The tap a

is then closed, j- de-

tached, and the water

cautiously run out,

through a, exactly to the

zero mark. The gas is

now under excess pres-

sure, which is corrected

by filling the funnel c up

to the mark with water,

and then momentarily

opening the tap d, when
the excess of gas escapes

through the water. The
burette now contains ex-

actl}' 100 c.c. of gas at

the atmospheric pres-

sure, plus the pressure

of the column in the

funnel f. In case the

burette is filled by draw-

ing the sample of gas

through it, with an as-

pirator, until all the air

has been expelled, the

adjustment is made by

compressing the con-

tained gas, by attaching

the vessel C to the

burette, and then ad-

justing as above,

one of the constituents of the gas, the

into the burette. This is effected b\- first

In

absorbi

any

uced
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drawing off the water below the zero mark b}- means of S, the rubber

tube of which, s, is attached to the burette, after first filhng it with water,

as described. The tap a is then opened, and by appl}'ing suction at /,

the water is readily withdrawn to a point a little above the stopcock.

The suction bottle is then disconnected, the burette removed from the

clamp, and the end inserted in a cup containing the absorj^tion liquid,

when on opening a the liquid at once rises into the burette. The tap

is then closed and the contents of the burette well shaken, to facilitate

the absorption of the gas. A further quantity of liquid is then admitted

as before, and this is repeated, the burette being shaken after each

absorption, until the level of the liquid in the burette remains constant.

The pressure is adjusted b\' filling the funnel c with water and opening

the tap d, when a little water will enter the burette ; the adjustment for

pressure is completed by filling c to the mark with water and then

closing /', when the reading can be taken.

Owing to the adhesion of the absorption liquids to the walls of the

burette, it is preferable to replace them b}' water, before the final

readings are taken. This may be effected by removing the absorption

liquid by means of the suction flask, and replacing it by water, intro-

duced through the funnel c ; by repeating this two or three times, the

liquid is completely replaced by water. Another method is to wash out

the burette b\- a steady stream of water, introduced through the funnel

c, and run out through <•?, the two taps a and l> being opened during

the washing ; when the absorption liquid has been fully removed, the

pressure is adjusted as before, and the reading taken. Further absorp-

tions are effected successiveh' b\' suitable absorbents. Carbon dioxide

is absorbed by potassium h)-droxide, oxygen by alkaline pjTogallol,

and carbon monoxide b}' ammoniacal cuprous chloride. The composition

of the solutions employed is given on pp. 209-210.

After each anal}'sis the burette should be thoroughly cleaned, as

otherwise errors are likely to arise, especially in the determination of

carbon dioxide, which may be either absorbed or produced by dirt

present in the burette.^

A further description of the Bunte burette and of its application to

the anal}-sis of illuminating gas is given under the section ''Gas

Manufacture," Vol. II.

Honigmann's Gas Burette.—This burette, which is of a very simple

character, is especially intended for the estimation of carbon dioxide in

the carbonating gases of the ammonia-soda process. It consists of a

measuring tube A (Fig. 75), of 100 c.c. capacit\-, closed at the top b\- the

tap a, and open at the bottom, where a stout rubber tube is attached

at d. The absorbing liquid is contained in the cylinder C. The sample

1 C/. F. Fischer, Z, angnu. Chem.^ 1890, 3, 599 ; Foster and Haldane, The Examination of Mine

Air (1905), p. 98.
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A

of gas is introduced by an aspirator, through a, and after all air in the

burette has been thus expelled, the tap is closed and the burette immersed
to the zero mark in C, which is filled with a solution of potassium

hydroxide ; the tap a is then opened momentarily, and
thus exactly lOO c.c. of gas, at the atmospheric pressure,

are obtained for the absorption. This is effected by
first immersing the burette somewhat lower in the solu-

tion, so as to wet the sides with the absorbent, and then

drawing it out, so that the bottom of the rubber tube

remains in the solution, whilst the burette is raised over

the edge of the cylinder. The potassium hydroxide at

once begins to enter the burette, and by agitating a few

times the absorption is rapidly completed. The burette

is then placed in the liquid, so that the inner and outer

levels are the same, and the reading taken. The method

is not to be regarded as one of great accurac}', but it is

extremely simple and quick.

Apparatus in which the measuring tube is

apart from the absorption apparatus.

The forms of apparatus included in this group com-

bine both greater rapidity and more convenience in

working than those described above. The earliest gas-

analysis apparatus of this type was devised by Regnault

and Reiset^ (1849); it has been succeeded by a very

great variety of improved forms, of which those due to Orsat, Hempel,

F. Fischer, and Sodeau will be described in this section.

Of other forms used in technical gas anah'sis, those of Pfeiffer, Jager,

and Drehschmidt are described in connection with the anal)-sis of

illuminating gas (Vol. II.).

Orsat's apparatus.—This form of apparatus is primarily due to

Schlosing and Rolland ;- it has been modified and improved by Orsat,-^

Salleron, F. Fischer,^ Lunge, Sodeau, and others, and is generall}' known

as the Orsat gas anal\-sis apparatus.

Fischer's modification consists of a measuring tube or burette A
(Fig. 76), surrounded b}- a water-jacket, which is attached at the top to

absorption vessels, generally called pipettes, D and E, b)- means of

.capillar\' tubes, and at the bottom to a pressure bottle L. The whole is

fixed, by suitable supports, in a case, which can be closed by sliding

shutters for transport. The burette has a capacity of 100 c.c, the lower

portion being graduated in tenths and the upper in whole c.c. The

capillary tube, leading to the pipettes, is provided with a tap at each

1 /. C/iem. Soc, 1853, 6, 128.

- Aim. Chim. Pliys., 1868, 14 [iv.], 55.

"' Annul, des Mines, 1875, 8 [vii.], 485 and 501.

^ Fisclurs Jahresher.^ 1880, 26, 330.
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junction, as shown, and there is a mark w, on each of these, below the tap
;

the tap r is a three-wa}' stopcock which allows of connection between
the gas supply and the tube E, or between B and A, or between A and
the outside air. The U-tube B is filled with cotton wool, which serves

to retain any soot or dust from the gas sample. The pipettes are filled

with bundles of glass tubes, so as to provide a large surface for contact,

between the gas and the absorbent ; the open end of each pipette is

closed by a rubber stopper carr}-ing a glass tube, to which a thin rubber

ball is attached, the object of which is to protect the contained liquids

from contact with the air.

To prepare the apparatus

for use, the pressure

bottle L is filled with

water and then raised, so

as to drive out the air in A,

through the tap c. The
pipette D is then filled

with potassium h}-droxide

solution, for the absorp-

tion of carbon dioxide,

and the pipette E with

pyrogallol solution, for the

absorption of ox}'gen ; a

third pipette, charged with

cuprous chloride solution,

can be employed for the

absorption of carbon mon-
oxide. The method of

preparing these solutions

is given on pp. 209-210, in

connection with Hem pel's ^
gas - analysis apparatus. ^
To introduce the absorb-

ing liquids, they are poured

in from the back, so as to fill about half of the pipette, and then drawn
up to the mark in, by opening the respective tap and lowering the pres-

sure bottle L ; when the liquid reaches the mark, the tap is closed and
the rubber ball inserted at the back of the pipette. Before proceeding
with an analysis, the apparatus should first be tested, to see whether it

is air-tight. This is done by filling the burette with water, then closing

the tap c and lowering the pressure bottle, when it will at once be seen,

from any change in level of the water in A, whether there is any leak.

To introduce the sample of gas, A is again filled with water, the tap

c turned, so as to communicate with B and the outside air, and the

Fig.



200 TECHNICAL GAS ANALYSIS

rubber aspirator C, which is connected with the gas supply, then

attached to the exit tube of B ; after clearing out the air in B, by

aspirating", the tap c is turned, so as to connect the gas supply with the

burette, and the sample introduced by lowering the pressure bottle L.

A little more than lOO c.c. of gas are syphoned into A, and the tap c

then closed. To obtain exactl}^ lOO c.c. for analysis, the gas is

compressed to the zero mark by raising L, the rubber tube s, then

closed, either by the pinch-cock or by the fingers, and the tap c moment-

arily opened to the outside air, so as to establish the atmospheric

pressure on the contained gas.

To determine the carbon dioxide, the tap connected with D is

opened and the gas in A transferred into the pipette, by raising the

pressure bottle ; this operation is repeated several times, by alternately

lowering and raising L, until the absorption is complete, the level of the

liquid in D being finally adjusted to the mark !u, the attached tap

closed, and the reading in the burette taken, the pressure on the gas

being adjusted to that of the atmosphere by raising L, so that the

height of the contained liquid and that in the burette is the same.

The reading obtained gives the percentage of carbon dioxide directly.

The determination of the oxygen is similarly effected in the pipette E.

In respect to the subsequent determination of carbon monoxide, it is to

be observed that cuprous chloride solution becomes unreliable after

having been used for a short time (p. 210), and Fischer prefers to

omit this determination in the anah-sis of furnace gases. Other forms

of apparatus are, of course, available for the determination of this

gas, and, as already pointed out (p. 190), its quantity can also be

approximately gauged from the percentage of carbon dioxide and
oxygen contained in gases of this character. Carbon monoxide does

not occur nearl}- so frequently in furnace gases, in presence of free

oxygen, as has been assumed to be the case, an assumption that is

largely the result of inaccurate anal}'ses.

\A'hen the analysis is completed, the residual gas is cleared out of

the burette and the apparatus is then again ready for use ; an analysis

can be completed in five minutes, with an accuracy of 0-2 per cent. To
re-charge' the pipettes, when exhausted, the contents are removed by

means of a small syphon, and thoroughl}- washed out with water, before

introducing the fresh reagent. In case any of the absorption liquid

should have got into the capillary tube, above the stopcocks of the

pipettes, the tubes should be thoroughly washed out with water through

the tap c, and the water in the burette and pressure b ittle renewed. It

is important to grease all the stopcocks carefully before the apparatus is

put aside after use.

As the result of experience with more than four thousand analyses,

Fischer regards this form of apparatus as the most suitable for the
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examination of the gases from boiler furnaces/ heating apparatus, brick

kilns, pottery kilns, ultramarine kilns, black-ash furnaces,- and the like,

and also as advantageous for the examination of blast-furnace gases,

cupola-furnace gases,^ the gases from puddling furnaces,"^ the saturation

gases in the manufacture of sugar, and for the study of petroleum

lamps and of gas engines.''

Lunge's modification'^ of the Orsat apparatus (Fig. -jj) is

arranged for the determination of hydrogen, in addition to that of carbon

Fig. 77.

dioxide, oxygen, and carbon monoxide. The pipettes b, c, d, are provided

for the absorption of the latter gases, and are charged with potassium

hydroxide, alkaline pyrogallol, and cuprous chloride respectively ; the

1 Dhigl. po'yt. J., 1878,229, t3o; 1^79,232, 346; 233, 183. Fischer s Jahresber., 1881,27,

146, 1045 and 1050; 1882, 28, 131 ; 1883, 29, 1289; 1885, 31, 1295,
- Fischer's Jahresber.^ 1878, 24, 431 ; 1880, 26, 274 ; i88r, 27, 35 and I047.
- Ihid., 1879, 25, 71 ; 1884, 30, 37 ; 18S5, 31, 37.

• Ihid., 1883, 29, 1229.

^ Ibid., 1881, 27, 35- " Dingl. poht.J., 1882, 245, 512.
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manipulation of the apparatus is in every way similar to that of the

Orsat-Fischer form. The determination of h}-drogen is effected by

combustion over a palladium asbestos fibre, placed in the capillary tube

/; the tube is connected to the pipette //, which is filled with water, and

through the tap e, to the capillary connecting tube of the apparatus.

The small spirit lamp g, carried by the movable rod i, is for heating

the palladium asbestos. To carry out the combustion, the residual gas,

after the absorption of the carbon dioxide, oxygen, and carbon

monoxide, is first mixed with air in the burette a
; this is admitted

through the tap /', by lowering the pressure bottle, and sufficient air is

added to bring the total volume up to about lOO c.c. If the gas is very

rich in hydrogen, it is advisable, either to add a further proportion of air

after the first combustion has been completed, or to repeat the combus-

tion with the residual mixture, or to substitute oxygen for air in the

first instance. The reading of the total volume of gas and air (or

oxygen) is first taken, and the mixture passed through the tap e, over

the palladium asbestos, previously gently heated ; the temperature of

the tube should be such as to allow of its being touched, for a moment,
without burning the fingers. The progress of the combustion is at once

indicated by the glowing of the asbestos thread at the end where the

gas enters, and by carefully syphoning the mixture backwards and

forwards several times, complete combustion is effected ; this is checked

by the volume remaining constant. If carbon monoxide is combusted

with the hydrogen, the residual gas must be passed into the pipette b,

to remove the carbon dioxide formed, and the total contraction measured

after this absorption.

ExaDiple ofA nalysis.

loo c.c. of Generator Gas gave thefollowing readings on the burette

:

—
1. After absorption of Carbon dioxide .... 3-2

2. After absorption of Oxygen ..... 3-2

3. After absorption of Carboti monoxide . . . 24-2

4. After addition of Air...... 0-9

5. After combustion . . . . . . io-8

6. After absorption of Carbon dioxideformed in ^ . . 11-4

The percentage volumes of carbon dioxide and oxygen are obtained

directly from the above data. The total contraction is 1 1-4 — 0-9= 10-5 ;

of this 1 1-4— io-8 = o-6 is due to the formation of carbon dioxide, and

since carbon monoxide forms its own volume of carbon dioxide, on

combustion, this represents the volume of carbon monoxide present

and not previously absorbed by the cuprous chloride solution. The
total carbon monoxide is, therefore, 24-2 — 3-2 + o-6 = 2i-6. Since both

2 volumes of hydrogen and 2 volumes of carbon monoxide require

I volume of oxygen for combustion, two-thirds of the total contraction

represents the hydrogen and unabsorbed carbon monoxide, and by
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subtracting the latter, the volume of hydrogen present is obtained—
(11-4 — 0-9 X §) — 0-6 = 6-4. The composition of the gas is therefore :

Carbon dioxide

Oxygen
Carbon monoxide

Hydrogen
Nitrogen and some Methane

o-o

21-6

6-4

68-8

lOO-O

W. H. Sodeau's modification ' of the Orsat apparatus is designed

for the analysis of mixtures containing small proportions of combustible

gases, and is especially applicable to the examination of chimney gases.

It can be readily used in the

stokehold, and in combination

with a suitable high tempera

ture thermometer it affords a

ready means of determining tlu

total chimney losses, including

those due to unburnt hydro-

gen, which are usuall}' ignored ;

the efficiency of boilers can

thus be ascertained. The dis-

tinguishing feature from the

ordinary Orsat, is the replace-

ment of the cuprous chloride

pipette and palladium com-

bustion tube, by an adaptation

of the Winkler combustion

pipette (p. 2 14). The apparatus

is shown in Fig. 78.

The combustion pipette

may consist of two separate

vessels, the combustion bulb O
and the aspirator CR, as shown

in the figure, or it may be fig. ts.

shaped somewhat like an ordi-

nary Hempel pipette for solid absorbents (Fig. 84, p. 206), provided with

a straight instead of with a bent capillary tube. The bulb O is pro-

vided with a spiral of platinum wire 0-25 to 0-3 mm. in diameter,

attached to a pair of unlacquered brass electrodes, and is heated by a

current of about 5 amperes, obtained either by means of a 4-volt accum-

1 Chem. Xeu's, 1904, 89, 61 ; Eng. Pat. 12225, 1906. The editor is indebted to Dr W. H.

Sodeau for this description of his apparatus ; it is made by ]Messrs Brady & Martin, Newcastle-

on-Tyne.
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ulator, using a short length of iron wire as a controlh'ng resistance, or

from a lighting circuit, connected through a few lamps in parallel
;

water is used as the confining liquid. A lens L, mounted on a fitting

which slides on a vertical rod, gives increased accuracy in reading,

owing to the elimination of errors of parallax. The pipettes K and P

are for the determination of carbon dioxide and of oxygen respectively.

Analysis of chimney gas. After determining the carbon dioxide, as

usual, by means of the potash pipette K, the gas is passed into the com-

bustion pipette and the current turned on for one to two minutes, when
the gas is syphoned back and the contraction measured. The carbon

dioxide produced by the combustion is then determined by a one-

minute absorption in the pipette K ; the decrease in volume gives the

percentage of carbon monoxide. Half the volume of the carbon dioxide

produced represents the contraction due to the combustion of the

carbon monoxide ; this value is deducted from the total contraction on

combustion, and two-thirds of the difference equals the percentage of

hydrogen present. Only one absorbent is thus required for the analysis.

The determination of these three constituents can be completed within

fifteen minutes, and by means of appropriate curves the results can be

stated as lbs. of air used per lb. of fuel, and loss of heat as unburnt

gases, provided the composition of the fuel is approximately known.

For ordinary practical purposes, the determination of oxygen is, there-

fore, unnecessary. It may, however, be carried out by means of the

pyrogallol (or phosphorus) pipette P, either after the other constituents

have been determined, in which case the amount consumed in the

combustion is added, or else immediately after the first determination

of carbon dioxide, in which case it is necessary to draw in a little air

and to re-measure the total volume before combustion.

Rapidjoint estimation of carbon monoxide and hydrogen. As these

two gases are, volume for volume, of nearly identical calorific value,

it often suffices to make a joint determination of the two, after

absorption of the carbon dioxide. For this purpose it is necessary to

employ a combustion pipette with a movable reservoir, CR, as shown

in Fig. 78. The measurement after combustion is omitted, in order to

save a little time. The large stopcock S is closed as soon as the gas

has been driven over into the combustion pipette O. After combus-

tion, the tap of the potash pipette K is opened, and the gas directly

transferred, by raising CR and finally closing the tap of O ; after

allowing one minute for absorption, the stopcock S is opened, the

residue drawn back into the measuring tube, and the tap of K
closed. Two-thirds of the contraction equals the percentage of " com-

bustible gases," i.e., carbon monoxide and hydrogen.

A simpler and more compact form of this apparatus is also made
which is specially suitable for the work of marine engineers.
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A modified Orsat apparatus, specially designed for the anal)-sis of

generator gas, has been devised by i\Ie}-er.^ The measuring burette

has a capacity of 120 c.c, and a platinum spiral combustion pipette is

provided.

Hempel's Apparatus.— This is, in part, a

development of the Ettling gas pipette ; it is a

Fig. 7"J.

Fii^ SO.

much used and ver)' adaptable form of appar-

atus.

The burette (Fig. 79), consists of a measuring

tube b, graduated into 100 c.c. with

0-2 c.c. divisions, and the pressure

tube a, each of which is contracted at

the lower end and bent at right angles,

so as to fit into slots in weighted

wooden supports. The measuring

tube is also contracted at the top, and

terminates in a capillary tube \ to i mm. in diameter and 3 cm. long.

The tubes are connected by a piece of rubber tubing about 100 cm.

^ Z. aiigew. Lhtiiu 1 905, 18, 446.
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in length, which is preferably divided in the middle, and the parts

joined together by a short piece of glass tubing, to facilitate the cleaning

of the burette.

A short piece of thick-walled rubber tubing, provided with a

pinch-cock, is attached Sitf.

A modified form of burette, which has many advantages in practice,

has the rubber connection and pinch-cock at f replaced by a three-way

tap, of the form shown in Fig. 80.

Another modification, generally known as the modified Winkler

burette, is shown in Fig. 81. This is provided with a simple gas tap at

a and with a three-way tap at b ; its chief advantage is in the anal}^sis

of mixtures containing an easily soluble gas, since the initial volume

of gas can be measured without bringing it into contact with water,

which is always used as the confining liquid in the various forms of

Hempel burette employed for technical analysis.

Any of these forms of burette may be provided with a water-jacket,

if desired, in order to minimise the errors due to changes of temperature.

The pipettes, in which the various reagents for the absorption of the

gases are contained, consist of two bulbs, a and /; (Fig. 82), connected

by the tube d, of which /; is attached to a capillary tube ^ of | to i mm.
diameter

; a white porcelain plate ;//, is fixed at the back of c, to render

the thread of liquid in the capillary more visible. The capacity of the

bulb b is about 150 c.c, that of a about 100 c.c. ; this allows of a

sufficient quantity of the absorbent being left in b, after the introduction

of 100 c.c. of gas. The pipettes are mounted either on wooden
(Figs. 82 and 86) or on adjustable iron frames (Figs. 83, 84, 85, and ^j).

Pipettes for use with solid absorbents, such as phosphorus, are provided

with a cylindrical bulb, tubulated at the bottom (Fig. 84), and are closed

by a good rubber stopper ; double pipettes (Fig.s. 85 and 86) are used
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for absorbents which require to be protected from the air, such as

pyrogallol, or which evolve irritating fumes, such as bromine.

A good form of simple pipette, in which a small second bulb, filled

with glass beads, is placed above the absorption bulb, is shown in Fig. 87.

Fici. 85. Fig. S6.

The simple pipettes are filled by pouring the absorbent through the

tube attached to the bulb a (Fig. 82), whilst the air is sucked out from

b ; sufficient of the liquid is introduced to entirely fill the bulb b, the

capillary tube c, and to leave a small quantity in a. To fill the double

pipettes, the best plan is to attach a glass tube a

metre long, and provided with a funnel, to the

top of the capillary tube, and to pour the absor-

bent liquid in through this, until the first bulb is

completely filled ; to effect this, without the

liquid overflowing to the protecting bulbs c

and d (Fig. 86), it is necessary to blow out the

air contained in a through the funnel, several

times successively, after a portion of the absor-

bent has been introduced. After a and the

lower part of b have been filled, water is intro-

duced into d and c, through the tube attached

to d, after first blowing over a portion of the

liquid in a into b, so as to remove the air in the

latter.

The burette and pipettes are connected b)- a piece of thick-walled

capillary tubing of i mm. internal diameter and 18 cm. in length, as

shown in Fig. 88, the attachment to the pipette and burette being made
by means of stout rubber tubing.

To introduce gas, for analysis, into the burette, the pressure tube B
(Fig. %'^) is filled with water and then raised, so as to completely drive
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out the air in the measuring tube A, and the pinch-cock or tap at /
closed ; the gas supply is then attached at f, and the sample syphoned
in, by opening f and lowering the pressure tube. A little more than

lOO c.c. of gas are drawn in and then/ is closed When the Winkler

modification of the burette (Fig. 8i) is used for the analysis of a

mixture containing a very soluble constituent, the sample is introduced

through the three-way tap b, at the bottom of the burette. To obtain

exactly lOO c.c. of gas for analysis, the pressure tube is raised gradually

and the connecting rubber tube closed, b\' pressing it between the thumb
and finger, when the liquid stands exactly at the lOO c.c. graduation ;

f is then momentarily opened to

establish the atmospheric pressure,

and the volume verified b}- bringing

the water in the two tubes of the

burette to the same level.

The burette and the pipette are

then connected, as shown in Fig. 88.

To obviate the error due to the air

in the capillar}' tube E, it is first con-

nected to the pipette, and the absor-

bent liquid blown over from the latter

until it begins to run out at the free

end of the capillary, when it is at

once attached to the burette ; it is

convenient to attach a piece of rubber

tubing to the tube of the upper bulb

of the pipette for this purpose. The
transference of the gas, from the bur-

ette to the pipette, is effected by

raising the pressure tube and open-

ing/"; sufficient water is driven over

to wash out the capillary tube of the

pipette, as far as the top of the absorption bulb, so that the gas is

confined between two surfaces of liquid, and f is then closed. The
absorption, is promoted by gently shaking the burette ; some recom-

mend the removal of the capillary E for this purpose, but sufficient

movement can be given to the liquid without disconnecting. After

absorption, the gas is syphoned back into the burette by lowering B,

the liquid in the pipette being drawn over as far as the pinch-cock

(or stopcock) at/"; after allowing two minutes for the water in the

burette to drain, the liquid in the two tubes of the burette are brought

to the same level and the reading taken. The absorption is repeated

until a constant value is obtained, and the decrease in volume, with each

reagent, represents the percentage of absorbed gas present in the

Fig. 8S.
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mixture. The capillary connecting tube E must be thoroughl)- cleaned

after each successive reagent.

As the Hempel apparatus is not used for work of high accuracy,

some workers prefer to avoid introducing the absorbents into the

connecting capillary tube, and in transferring the gas from the burette

to the absorption pipette, and in syphoning it back, only bring the

confining liquid as far as the tap of the burette and the top of the

capillary of the pipette respectively.

The Hempel apparatus can be used for the analysis of mixtures
containing carbon dioxide, oxygen, carbon monoxide, hydrogen,
methane, nitrogen, defines, and hydrocarbon vapours. The methods
adopted for the determination of the two latter will be described

in connection with the analysis of illuminating gas (Vol. II.); the other

gases are determined in the order given, either by absorption or by
combustion.

Carbo7i dioxide. A solution of potassium hydroxide, containing

one part potassium hydroxide to two parts water, is used for the

absorption.

Oxygen. Either alkaline pyrogallol or phosphorus is used as the

absorbent. The pyrogallol solution is made up by dissolving 20 g. of

pyrogallol in 500 c.c. of potassium hydroxide solution (1:2); this large

excess of alkali is necessary, as otherwise an appreciable quantity of

carbon monoxide may be formed, when gases rich in oxygen are passed

into pyrogallol.^ A double pipette (Figs. 85 and 86) is used with this

reagent.

Phosphorus is a very energetic absorbent for oxygen, but its

action is hindered b}- even traces of certain gases and vapours, such as

the unsaturated hydrocarbons, phosphoretted hydrogen, ammonia, and
alcohol vapour; also the absorption is very slow below 14^ This

reagent is used in the form of thin rods, surrounded by water, in the

pipette for solid absorbents, shown in Fig. 84. As phosphorous oxide

fumes are evolved in the absorption, these are removed b}- passing the

gas into a potassium h}-droxide pipette, after the absorption of ox}-gen

is complete. The water in the pipette should be renewed, from time

to time, as it becomes saturated with phosphorous acid, and the

pipette should be kept in the dark, when not in use, to avoid the

formation of the inactive amorphous phosphorus.

Sodium hydrosulphite has also been proposed as an absorbent for

oxygen
;
- it is cheaper than pyrogallol, and absorbs oxygen equally

readily, at low and at higher temperatures. The solution is prepared

by dissolving 50 g. of the salt in 250 c.c. of water and adding 40 c.c. of

a sodium hydroxide solution, containing 500 g. of alkali to 700 c.c. of

1 Cf. Hempel, Ber., 1885, 18, 278 ; Clowe?, /. Soc. Chem. hid., 189^, 15, 170.

' C/.W. Franzen, Ber., 1906, 39, 2069.

O
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water, and is used in a pipette filled with rolls of iron-wire gauze ; the

absorption takes place according to the equation :

Na.S.p, + HoO + = 2 XaHSOg.

Carbon nio)ioxide. Cuprous chloride, either in ammoniacal or in

hydrochloric acid solution, is used as the absorbent, and double pipettes

must be employed. The former solution is prepared by dissolving 10 g.

commercial cuprous chloride in 250 c.c. h\-drochloric acid (concen-

trated), and reducing the cupric chloride present, by the addition of

copper gauze, until the solution is colourless ; the acid liquid is then

poured into 1500 c.c. of water, the water decanted, after allowing to

stand for twenty-four hours, and the cuprous chloride dissolved in 250

c.c. ammonium hydroxide of sp. gr. 0-91. Another method is to prepare

a stock solution, by dissolving 200 g. of cuprous chloride in a solution

of 250 g. of ammonium chloride in 750 c c. of water ; this solution must

be kept in stoppered bottles and made up for use as required, by the

addition of one-third of its volume of ammonium hydroxide of sp. gr.

0-905. The hydrochloric acid solution is prepared as above, by dissolv-

ing commercial cuprous chloride in hydrochloric acid, in presence of

copper gauze. Sodeau recommends dissolving lOO g. cupric chloride

(cryst.) in 500 c.c. h}-drochloric acid (cone.) and 500 c.c. water, and

placing this solution in a number of small narrow-mouthed bottles, of

about 150 capacit}', containing rolls of copper gauze; the reagent is

ready for use as soon as it has become colourless, and the bottles are

filled up each time that a portion of the contents is withdrawn. It is

to be borne in mind that cuprous chloride also absorbs oxygen,

ethylene, and acetylene, so that these gases must be previouslx'

removed, if present.

The absorption of carbon monoxide by cuprous chloride is much

slower than that of carbon dioxide and oxygen by their respective

reagents, and it has further been established by Drehschmidt^ and by

Winkler -that cuprous chloride solutions, after they have absorbed

considerable volume of carbon monoxide, give up a portion of the

absorbed gas, when shaken with an indifferent gas, as in the ordinary

course of analysis. Hence, an increase of volume, instead of a decrease,

may occur after the absorption. This source of error is avoided b}-

using two pipettes successively, the first for the absorption of the bulk

of the gas and the second for the final residue ; after the former is

sufficiently exhausted, it is re-charged and the order of the two pipettes

reversed. Drehschmidt's experiments show that the ammoniacal solu-

tion of cuprous chloride is preferable to the hydrochloric acid solution,

in respect to the liberation of absorbed carbon monoxide.

1 Ber., 1887, 20, 2572 ; 1888, 21, 2158.

- Z, anal, Cheiii., 1889, 28, 269
; J. Soc. C/um, /«</., 1 889, 8, 570.
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Hydrogen. This gas is practically always determined by combustion

with ox\'gen, either over palladium asbestos or by explosion. The
former method is carried out b}' replacing the connecting capillary tube

E (Fig 88), by a similar tube containing a thread of asbestos fibre,

coated with metalHc palladium, which is heated as described in connec-

tion with the Lunge-Orsat apparatus (p. 202).

To prepare the fibre, i g. of palladium is dissolved in aqua regia, the

solution evaporated to dryness on the water-bath, and the residual

chloride dissolved in a little water; the solution is then reduced by the

addition of a few c.c. of a cold saturated solution of sodium formate and

sufficient sodium carbonate, to render the whole strongly alkaline.

About I g. of long-fibred, soft asbestos, which should suffice to absorb

the whole of the liquid, is soaked in the solution, and the fibre dried at

a gentle heat ; it is then carefully washed to remove adhering salts and

again dried, when it is obtained as a dark-grey coloured product,

containing about 50 per cent, of metallic palladium. The capillary

combustion tube is 15-16 cm. long, i mm. bore, and 5 mm. external

diameter. To introduce the fibre, a few loose strands are moistened

with water and then rolled into a fine straight thread, which is slid into

the capillary tube, whilst held vertically and before it has been bent, for

attachment to the burette and pipette. The thread is easily brought

into position in the centre of the tube ; the water is then drawn off, by
means of filter paper, the moisture removed by drying, and the ends of

the tube bent at right angles for a length of 3-5 to 4 cm.

The capillar}' tube is attached on the one side to the burette in the

usual way, and on the other, to a simple pipette filled with water. To
carry out the combustion, not more than 25 c.c. of the gas in the burette

is first passed over into the pipette, the necessary quantity of air (about

75 c.c. should suffice) then introduced into the burette, its volume
measured and also the vc^lume of gas -fair, after syphoning back the

former from the pipette, as a check. The mixture is next passed into

the pipette, which is gently shaken so as to mix the whole, and then
pa.ssed backwards and forwards over the heated palladium asbestos till

no further contraction occurs
; two-thirds of this contraction is due to

the hydrogen. The level of the confining liquid is brought to the

bottom of the capillary combustion tube, in syphoning the gas to and
from the burette. For the introduction of the air or ox}-gen, the

burette with the three-way tap at the top (Fig. 80) is very advantageous,

as it avoids disconnecting the capillary tube.

This method is very valuable as a means of determining hj'drogen,

in presence of methane ; the latter is not combusted under the above
conditions, if the temperature does not exceed 500".^ Carbon monoxide

^ Cy; H. G. Denham,/. Soc. Chem. Ind., 1905, 24, 1202 ; O. Brunck, Z, angezv. Chem., 1903,

16, 695 ; J. Soc. Chem. Ind., 1903, 22, 925.
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can be similarly determined by combustion over palladium asbestos, the

carbon dioxide formed being subsequently absorbed by potassium
hydroxide. The determination of hydrogen, by explosion with oxygen,
is carried out in the Hempel explosion pipette (Fig. 91).

The determination of hydrogen by absorption ivith palladium.

Hempel has worked out the conditions under which the well known
power possessed by palladium of absorbing hydrogen can be made u.se

of for the determination of the gas.

Pure palladium is indifferent towards a mixture of hydrogen,
methane, and nitrogen, but if it contains a small proportion of palladious

oxide, a partial combustion of the hydrogen occurs, and the heat thus

generated is sufficient to ensure the

absorption of the rest of the hydro-

gen present ; the process is accord-

ingly in part a combustion and in

part an occlusion of the h}'drogen.

The palladium is prepared by
heating 4to 5 g of palladium sponge,

in portions of i g. at a time, on the

lid of a platinum crucible, until it

nearly glows, and then allowing it to

cool slowly, whereby a thin film of

oxide is formed upon the surface of

the metal. For use, 4 g. of this oxi-

dised sponge is placed in a U-tube,

of 4 mm. internal diameter and

20 cm. total length ; the tube is

placed in a beaker, and kept at a

temperature of 90" to ICK)'' by hot

,..,,, ^., water, as shown in Fig. 89.

To carry out the determination,

the U-tube is attached on the one side to the burette, and on the other

to a pipette charged with water, and the gas syphoned backwards and
forwards three times

; the beaker H is then replaced by one containing

cold water, and the gas again passed twice through the tube, so as to

cool it to the original temperature. The volume is finally adjusted b\-

SN'phoning the liquid in the pipette to ?', and the reading taken ; the

decrease in volume represents the absorbed hydrogen and the volume

of oxygen originally contained in the U-tube. The latter is determined^

once for all, by closing one end of the U-tube with a glass stopper

attached by a piece of rubber tubing, and then placing it in a beaker

of water at 9° ; the open end of the tube is then connected with the

burette, previously filled with water, and the tube heated in the beaker

to 100". The increase of volume, as measured in the burette, is that due
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to an increase of 91' in temperature, and therefore equal to one-third of

the volume of gas ; from this value the volume of ox}gen in the U-tube

is obtained. The palladium is regenerated, after use, by first passing

air over it, when it gets quite hot ; any drops of water that may collect

are removed, the palladium then shaken out of the tube and oxidised

as before.

Carbon dioxide, oxygen, and carbon monoxide, heavy hydrocarbons,

and vapours of h}-drochloric acid and of ammonia, prevent the deter-

mination of hydrogen by this method, and it is but seldom used in

technical gas analysis. It has, however, the advantage that since no air

is added, there is no restriction as to the volume of the gas that can be

used for the analysis.

MctJiane is determined, by combustion with ox}-gen, either by

explosion or b}- a heated platinum wire.

The deteiiuination of methane by explosion. The Hempel explosion

pipette is used for this method. The earlier form of this pipette is

shown in Fig. 90 ; it is an ordinary simple pipette, provided with

electrodes at /- and a stopcock at d, and is filled with water. An
improved form of pipette, in which mercury is used as the confining

liquid, is shown in Fig. 91 ; the second bulb of the ordinary pipette is

replaced by a levelling bulb, attached by a stout piece of rubber tubing.

It is advantageous to have a small stopcock fitted to the top of the

capillary tube at e, so that the mixture of gas and air or oxygen can be

fired, without risk of loss by leakage.

To carry out the determination, the residual gas, after the deter-

mination of the hvdrogen, is syphoned over into the explosion pipette,

the necessary quantity of air or oxygen added, in the same manner as

in the combustion of hydrogen over palladium asbestos, the total volume

then measured as a check, and the whole passed over into the pipette,
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where it is mixed by gentle shaking ; the water in the burette is

syphoned over until the capillary tube of the burette is filled, when the

tap at c is closed. The pressure on the mixture is reduced slightly,

before firing, by lowering the pressure bulb a ; the tap d is then closed

and the gases fired by attaching the terminals of a small Ruhmkorff
coil to the electrodes of the pipette. After the combustion, the gas is

syphoned back into the burette, and the carbon dioxide formed deter-

mined by absorption with potassium hydroxide.

In respect to the volume of air or oxygen to be added for the

combustion, the ratio of the total combustible to incombustible gases

must be between the limits of 26 to 64 : 100, in order to ensure no
nitrogen being simultaneously oxidised ;^ a ratio of 50 : 100 is a good
working proportion, it being borne in mind that the oxygen required

theoretically for the combustion of the methane, according to the

equation :

CH, + 20o = C0,+ 2H.,0,

is included in the combustible gases, the excess forming part of the

incombustible gases. The choice of air or oxygen will accordingh^ be

decided by the volume of the gas to be dealt with and its content of

methane; oxygen from the ordinary oxygen cylinders can be con-

veniently used, the percentage of the contained oxygen having been

previously determined. One-third of the total contraction, after the

absorption of the carbon dioxide, represents the volume of methane

present.

Methods for the simultaneous determination of two or three

combustible gases, such as hydrogen, carbon monoxide, and methane,

are described in connection with the analysis of illuminating gas

(Vol. 1 1.). The residual gas, after combustion, contains the nitrogen and

the excess of air or oxygen ; the nitrogen, in the original sample, is

taken by difference.

Combustion of mctJiane by a heated platinniii zvire. Methane is

completely combusted, without

D C

¥ ^

explosion, by passing it, mixed
^^ with oxygen, over a heated sur-

face of platinum. Winkler

-

designed a modified form of

Hempel pipette f >r this purpose,

in which a small platinum spiral,

enclosed in the bulb of the pipette, is heated by an electric current.

A much more convenient device for this method of determination is

the Drehschmidt^ capillar}^ tube shown in Fig. 92. This consists of a

seamless platinum tube, 20 cm. long, 2 mm. thick, and 07 mm. internal

' Bunsen, Gasometrische Melhoden, 2nd edition, p. 72.

- Z. Anal. Chan., 1889, 28, 269 ; / Soc. Chetii. Ind., 1889, 8, 570. ' Bey., 1888, 21, 3245.
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diameter, containing three or four pieces of platinum wire
;

pieces of

brass tubing are soldered to the ends of the platinum tube, which serve

for connecting to the measuring tube and pipette. Two small cooling

cylinders, also made of brass, are fixed on to the brass tubes, just above

the bend. The tube must be tested before use, to make sure that it is

air-tight.

To carry out the combustion, the capillary tube is attached by
rubber connections to the burette and to a pipette charged with

potassium hydroxide, in the usual way, and the mixture of gas and air

(or oxygen) obtained, as described above ; the tube is then heated to a

bright red heat, preferabl}- b}' a flat-flamed Bunsen burner, and the

gaseous mixture passed backwards and forwards twice, over the heated

platinum. The reading is taken after a final absorption in the

potassium hydroxide pipette, and one-third of the total contraction

represents the methane present.

F. Fischer's Apparatus.^ —In this apparatus (Fig. 93), either mercury

or water is used as the confining liquid ; it has been designed especially

for the analysis of producer gas, "mixed" or semi-water gas, and water

gas. A similar form of apparatus, of a more complex character, was

previously designed by Frankland and Ward,- and subsequently modi-

fied by McLeod,"^ and by Thomas.*

The essential parts consist of the bulb or laboratory vessel A, in which

the absorptions and combustions are effected, the measuring tube M,
surrounded by a water-jacket, and the levelling tube D. The upper

part of A must be sufficiently wide to prevent the adherence of drops of

liquid ;
the measuring tube is graduated either in millimetres or in

cubic centimetres, and must be calibrated by mercury if the former

method of graduating is adopted. Pressure bulbs, F and L, supported

on wooden blocks and movable in the notches of the frame H, are

attached to A, and to the tube V, which is connected with the

measuring and levelling tubes respectively. The combustion spiral ^'•

(Fig. 94) consists of a nickel tube in which a nickel wire v, insulated

by a glass tube, is fixed, the ends of which are connected by a spiral

of platinum wire ; the free ends of the wire project outside the bulb

A, and are attached to binding screws. In order to keep the platinum

wire at the right temperature, and so prevent its becoming detached by
excessive heating, an adjustable resistance should be placed in the

circuit, to regulate the current ; three Grove cells will keep the spiral

red hot for one and a half to two minutes, which is sufficiently long for

a combustion to be completed. The tubes attached to the measuring

tube and the laboratory vessel are connected at v, by rubber tubing and

brass clips (the distance between z' and d is somewhat greater than

' Z. ajigeic. Ghent. ^ 1890, 3, 591. ' Ibid.., 1869, 22, 313.

-J. C/iem. Soc, 1853, 6, 197. * Ibid.., i879i 3S> 213.
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Fig. 93.
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represented in the figure) ; d and ;/ are three-wa}- taps, and // a simple

straight-bore tap.

To introduce the gas sample,^ is drawn down to the bottom of the

laboratory vessel, and A, M, and D filled with mercury by raising

F and L ; the taps d and k are then closed and the gas syphoned into

A, through the three-way tap d, by turning it so as to connect the gas-

supply with the laboratory vessel. If the gas is to be drawn from a

sealed bulb (Fig. 68, p. 193), this is attached to the rubber tube

connected with the tap d, and the end broken inside the tubing

;

the other end is broken off under mercury, in a suitable containing

vessel, and the gas drawn into A by lowering the pressure bottle F.

The gas is then syphoned from A into the measuring tube, any excess

being removed through d, by making the connection with the outside

air. After reading the volume of the gas in M, 0-3 to 05 c.c. of

potassium hydroxide solution are introduced into A,

through the funnel /, for the absorption of carbon dioxide.

The gas is then transferred from M into A, and syphoned

back to a mark just in front of the tap d, after the absorp-

tion. The volume of the connecting capillary tube up to

this mark must be ascertained, in the calibration of the

measuring tube, and allowed for. For the absorption of

oxygen, o-i c.c. of a 1:3 pyrogallol solution is similarly

introduced into the laboratory vessel. After the determi-

nation of these gases, A must be thoroughly cleaned, before

the hydrogen, carbon monoxide, and methane are com-
busted ; this is effected by washing it out two or three

times with 10-20 c.c. of water, which is introduced through

the funnel /, and expelled through the tap d. If any of p-ic. ,^4

the absorbent has inadvertently got be}'ond d, or into the

measuring tube, it is removed by first clearing the air out of A, syphon-

ing water from the laboratory vessel into M, and then drawing back

the gas and liquid into A, until the mercury reaches d ; the gas is next

s}'phoned back into M, and the wash-water expelled, as before,

through d.

The combustion of the remaining gases is effected by drawing in

the necessary quantity of air or oxygen, through the tap d, into the

measuring vessel ; the volume of the mixture is then measured, the

tube carrying the platinum spiral pushed into position in the upper

part of A (as shown in Fig. 93), the electric current turned on, and the

gas transferred into A by raising the pressure bottle L. The combustion

generally takes place quietly, without any explosion ; at most, a slight

and quite harmless explosion occurs. The gas is syphoned back, after

combustion, into M, and the contraction measured ; the carbon dioxide

formed is determined b\' absorption with potassium h}'droxide, as
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described above. Finally, the excess of ox}-gen can be determined by

absorption with pyrogallol and the residual nitrogen measured.

The volume of air required for every lOO volumes of producer gas,

semi-water gas, and water gas is 120 volumes, 150 volumes, and 350
volumes respectively. The volume of air required for the combustion

of water gas restricts the volume of gas that can be used for the

determination to about 25 c.c. ; to secure greater accuracy, a mixture of

oxygen and air can be used in the proportion of 35 c.c. of air and

25 c.c. of ox}'gen for 40 c.c. of water gas. It is preferable to combust
this mixture in successive portions of about 30 c.c. at a time, rather

than all together, especially if the worker is inexperienced with the

apparatus ; also, it is advisable to effect the combustion under slightly

reduced pressure.

The oxygen can be generated in a small tube of the form shown in

Fig- 95 ; about 2 g. of potassium chlorate are heated in the tube, which

is attached by a to the rubber connection of the tap d
(Fig. 93). After the contained air has been cleared out

through r, which is placed under water, the taps d and n

are opened to first clear out the capillary tube with

oxygen, 11 then closed, and the oxygen introduced

into A by lowering F.

In order to obtain scientifically accurate results with

this apparatus, the tubes M and D are graduated in

mm., and readings taken of the barometer, the height

^ „ of the columns of mercury in M and D, and the tem-
FiG. 9o. -^

_

'

perature of the water in the jacket round ]\I, at each

observation during the anal}-sis. The volumes are then corrected to o'

and 1000 mm. pressure, by the formula :

^r _ v{^-h-e)
1000 [1 + (0-00366/)]

in which c' is the volume of gas, B the height of the barometer (reduced

to o ), h the difference of level between M and D, and e the tension of

aqueous vapour at the temperature of the experiment t. By adjusting

the columns of mercury in M and D to the same level, after each

determination, the correction for pressure is avoided ; the correction for

temperature is onl}' required in cases where special accuracy is looked

for, as the changes of temperature with a jacketed measuring tube are,

as a rule, but slight during the interval of an analysis.

The calculation of the proportions of h)-drogen, carbon monoxide, and
methane follows from the volumetric changes according to the equations :

H, + = H20 CO + = COo CH,+ 20o = COo + 2HoO.

The contraction in the case of hydrogen {iv) is = f , in the case of

carbon monoxide ic) — i, and in that of methane (;//) = 2 : both carbon
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monoxide and methane form their own volume of carbon dioxide.

Taking V as the total volume of combustible gases, // as the total

contraction, and /' as the total carbon dioxide formed, the resulting

equations are :

—

V = zt' + t' + w. // = ^w + ~c + 2/n. k = c + m.

Or,
H vdrogen (tc) = V - k.

Carbon monoxide (r) = i/^ + V-f//.
Methane (;//) = j;'/' - V + |//.

Example of Analysis.

Volume of Gas taken, 60 c.c.

After absorption of Carbon dioxide, 56-1 : therefore 3-9 c.c. Carbon dioxide.

After addition of Air, ii6-i ; therefore 60 c.c. Air, containing /\j:\ c.c. Nitrogen

added.

After combustion, ioi-2 ; therefore w = 14-9.

After absorption of Carbon dioxide, 87-6 ; therefore k = 13-6.

After absoiption of Oxygen, 857.

Of this Nitrogen, 47-4 added as Air; therefore 38-3 c.c. Nitrogen,

and\ = (56-1 -38-3) = 17-8.

Hence—
Volume of Hydrogen
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i^^ML

a glance the correction for temperature and pressure. Contamination of

the measuring tube is carefully guarded against.

The measuring tube M (Fig. 96) is graduated in ^V c.c divisions up
to 50-5 c.c, so that no trouble arises if rather more than 50 c.c , the

normal sample, should be drawn in. For special work, in which a con-

siderable proportion of the gas remains unchanged, it is convenient to

employ a measuring tube having a bulb and narrow graduated stem.

A reliable verification of the graduations is essential. The top of the

measuring tube is joined to a

three-way, oblique bore, capil-

lar}^ stopcock N, arranged

so that the capillary K may
be placed in communication

either with the interior of INI,

or with the detachable bent

tube U containing water, and
having a short length of

rubber tubing connected to

its outer end b}' means of a

perforated rubber stopper

(not shown in the figure).

The zero point of the gradua-

tion is at the outer side of the

plug of the stopcock X. The
level tube L communicates
with the measuring tube by
means of a side branch, bent

so as to exclude any air-

bubbles entangled in the

mercury. Its lower end is

connected to a T-piece, one
branch of which is provided

with a stopcock and leads

to the mercur\' reservoir,

whilst the other is prolonged across the table to a point near the reading

telescope, where it terminates in a piece of strong rubber tubing, the

compression of which, by a broad screw clip, affords a means of accu-

rately adjusting the level of the mercur\-, whilst looking through the

reading telescope. In order to render the apparatus more compact,

the reading telescope is placed on the opposite side of the gas-analysis

table, instead of on a separate support ; the graduations are consequently

on the side opposite to that from which the stopcocks are manipulated.

T/ie illuminator is attached to a tubular fitting which slides on the

rod P. It consists of a piece of ground glass having its upper half
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rendered opaque, and is adjusted so that only a narrow band of light is

visible above the mercury. A lOO-volt 2h candle-power lamp is

attached.

T/ie mercury reservoir can be adjusted without using both hands, and
does not usually require clamping in position.

The "' Keiu principle" correctioji tube C is so called because, as in the
" Kew " barometer, the disturbance of the level of the liquid is allowed

for in the graduation, instead of being adjusted before each reading. It

consists of a c}-lindrical bulb, closed above by a stopcock, and attached

below to a U-tube graduated on the inner limb, and filled with water up
to about the 1-evel of the zero mark ; the outer end of the stopcock is

attached to a bent glass tube, terminating in a short length of rubber

tubing (not shown in the figure). At the beginning of an anah-sis the

water is brought exactly to the zero mark by manipulating the rubber
tube, and the stopcock is then closed. The volume of air contained in

the instrument is such, that the water is displaced to the extent of one
small division, by changes of temperature and atmospheric pressure

which will cause a gas to alter its volume to the extent of o-i per cent.^

These small divisions are viewed by means of a mounted lens sliding

on the rod R, and are further subdivided by eye estimation. The
corrections are thus read directl\-, in percentages, as easil}' as the

temperatures would be read by means of a thermometer. The correc-

tions may be kept very small, if the water in the jacket is syphoned off

through the tube S before commencing an analysis, and brought to the

probable average temperature of the room.

The absorption pipette is shown in Fig. 96. The absorption bulb E
is inclined to the extent of about i in 20, in order to facilitate the return

of the unabsorbed gas, and usually contains about 20 c.c. of the

absorbent, confined over mercury. The bulb F contains clean mercury,

and like the bulb E can be placed in communication with the capillar\-

G by means of the three-way stopcock H. Rubber tubing is attached

to the tubes, projecting upwards, from D and F, in order that

the pressure in these bulbs may be varied by blowing or sucking, as

required. Each pipette is mounted on a wooden support, which is slid

into a very loosely fitting foot when in use, and afterwards replaced in

a rack, inclined at an angle of not less that 35', in order to relieve the

pressure on the stopcock whilst out of use.

It is important that all capillar},- tubing employed in the apparatus
should be of i-o to 1-5 mm. bore, and that the external diameter of the

^ A small division equals 0-05 c.c. ; hence, external changes which would necessitate a I per

cent, correction must cause c-5 c.c. displacement of water. If this movement disturbs the level of

the water to the extent of N mm., and if X c.c. = the volume of air in the instrument, it

follows that

i-Oi.T = (.v-o-5)( I + -—-^— \ and therefore .r = 50 4-
—'°^ ^

.

V 760 X 13-6/ " 2067 - 2 N
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capillary G should be practically the same in all the pipettes. The
external end of G must be quite flat, and at right angles to the axis of

the tube.

The explosion pipette, Fig. 97, consists of a c\-lindrical bulb T, of

about 220 c.c. capacity, connected to a mercury reservoir \^. Wires are

sealed in, near the top, for connection to a small

induction coil, and a strip of paper, bearing

rough graduations, is fixed to the back of the

pipette. The arrangement lettered F, G, H, is

common to all the pipettes.

TJie combustioji pipette, Fig. 98, is used

when the proportion of combustible gases is

not sufficient for a determination b)- explo-

sion. Two nickel wires pass through the

rubber stopper closing the bottom of the

pipette, one being insulated from the mercury

b}' means of a glass tube, and the two are

connected above by means of a small spiral of

platinum wire, W, about 0-25 mm. in diameter.

This wire is heated by means of a 4-volt accum-

ulator, the current being regulated b\- means

of a short length of iron wire about 0-5 mm. in

diameter.

The phospJiorus pipette, Fig. 99, which it is

sometimes convenient to use for the absorption

of oxygen, has one bulb filled with thin sticks

of phosphorus immersed in water, as in the

Hempel apparatus (p. 209). It is clamped in a canister of water, which

affords protection from light and also provides the means for readily

Fig. 98. Fig. 99.

raising the temperature of the phosphorus to about 20". A small flap

in the cover of the canister is removed whilst the gas is being returned

to the measuring tube. Xo mercury is used in the bulb F.
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The follou'ing description of an analysis of a mixture of carbon

dioxide, oxygen, carbon monoxide, hydrogen, methane, and nitrogen,

will serve to illustrate the mode of working, when great accuracy is

desired.

hitroduction of the sample. The tube containing the gas is con-

nected to a suitably bent capillary tube, preferably filled with mercury,

which is in turn joined to the measuring tube capillary K (Fig. 96), by
means of red rubber pressure tubing, after turning the stopcock X so that

K is in communication with the tube U. The contents of the capillar}'

are driven into U, and the cock N is then reversed, so that the required

volume of gas can be drawn into the measuring tube M, by lowering the

mercury reservoir. The cock N is then again reversed, the mercury

roughly levelled, and a puff of air sent down the tube S, in order to stir

up the water in the jacket.

Attachment of a pipette. The potash pipette is placed on the stand

and the wetted end of the capillary G made to meet that of K, within

the rubber tube. A little water is then sucked from U into the bulb F,

and mercury allowed to run back and fill the capillary tubes.

Measurement of the sample. The stopcock leading to the mercury

reservoir having been closed, and the level tube L being open to the

atmosphere, the mercury is accurately levelled by means of the screw

clip, and the volume of the gas read, by means of a reading telescope.

The water in the correction tube is then adjusted to the zero mark.

Absorptio7is. To determine the carbon dioxide, the gas is driven

over into the absorption pipette, followed by sufficient mercury to clear

the capillaries, and the pipette is then rapidly rocked to and from the

operator for two minutes, without disconnecting it from the measuring

tube, so as to thoroughly churn up the absorbent ; absorption is practi-

cally complete in twenty seconds, if the shaking is sufficiently vigorous.

A little more mercury is then run over, so as to clear away the alkali from

the bottom of the capillary attached to the absorption bulb, and the

cock N reversed, so that the mercury in the capillaries runs into the tube

U, instead of mixing with the clean mercury in the measuring tube.

If any gas should be accidentally allowed to pass through the cock N
into U, it is retained by the water, and can of course be drawn back

without loss. The cock N is then again turned and the gas passed

slowly into the measuring tube, the rate being controlled by the cock

H, which is reversed as soon as the absorbent has filled the passage

through its plug, so that the gas may be swept out of the capillaries by

means of the clean mercury from the bulb F. The cock N is closed as

soon as the mercury reaches it, and reversed after closing H, in order

to facilitate the removal of the pipette. The next pipette (alkaline

pyrogallol) is then connected up, the measurement of the residue

carried out as described above, and a reading of the correction tube



224 TECHNICAL GAS ANALYSIS

taken. It is convenient to enter the readings throughout the analysis in

the following manner :

—

'

I 1

Correction. I Reading. \
Corrected Beading. Difference. Percentage.

•00 .")0-01 C.C. 50-01 C.C.

•06 per cent. 33-24 c.c. 33-26 c.c. 16-75 c.c. CO., 33-50

The residual gas is then similarly shaken, for three minutes, with

alkaline pyrogalloL at a temperature not below i6'\ The decrease gives the

amount of oxygen. To determine the amount of carbon monoxide, the

residue is shaken for two minutes with cuprous chloride solution (taking

care that the liquid is not allowed to absorb more than its own volume

of carbon monoxide before being replaced;, and then transferred

directly to a second pipette, containing fresh cuprous chloride solution.

After again shaking for two minutes, it is sent into a pipette containing

about 2 c.c. of water, and then back into the measuring tube. It is a

good practice to wash out the m.easuring tube during the absorption of

carbon monoxide, in case an)- trace of potassium hydroxide has been

introduced, as it would prematurely absorb part of the carbon dioxide

subsequently formed by explosion. Air is drawn in after the water

used in the washing has been expelled, and the mercury then allowed

to re-enter very slowly, in order that the film of water may be properly

squeezed off the sides of the tube. After the carbon monoxide has

been determined, oxygen, stored over mercury in one of the ordinary

absorption pipettes, is added in excess, and the mixture measured. If

the oxygen is prepared b\' electrolysis it should be freed from traces

of h}'drogen, t-.^. by treatment in a combustion pipette kept for that

purpose.

Hydrogen and methane are estimated b}' means of the combustion

pipette (Fig. 98), if only small amounts are present, but the explosion

pipette (Fig. 97) is emplojed when the proportions are sufficient. The
mode of transference to these pipettes is the same as with the

absorption pipettes, but in returning the gas to the measuring tube,

mercur}- from the bulb V (instead of from the bulb F) may be used

for driving the gas out of the capillary. When the combustion pipette

is employed, the current is switched on as soon as the top of the glass

insulating tube has become exposed, and the coil is maintained at a

very bright red heat for two or three minutes, in order that complete

combustion may be effected.

Before passing a spark through a mixture in the explosion pipette,

the gas must be expanded (by lowering the mercury reservoir), to such

an extent that no appreciable amount of nitrogen will be oxidised ; if,
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however, the expansion is carried too far, the combustible gases will not

be burnt completely. This point merits more attention than it appears

to have generall)- received. If the expanded volume is markedly less

than ten times the volume of hydrogen, measured under atmospheric

pressure, plus twenty times that of the methane, the amount of nitrogen

oxidised is usually sufficient to cause the condensed moisture to have a

pronounced action upon the mercury ; in the absence of very definite

information, it seems best to expand to an ample extent and to subse-

quently employ the combustion pipette to ascertain whether any

traces of unburnt combustible gas remain.

After combustion or explosion, the residue is measured and the

resulting carbon dioxide absorbed. From the volume of carbon dioxide

produced and the total contraction, the proportions of the methane and

hydrogen are calculated. The nitrogen is determined by difference.

Finally, the excess of oxygen is determined by means of pyrogallol or

phosphorus, as a check upon the other measurements.

Absorbents zv/iich attack vicrcury, such as fuming sulphuric acid,

can usually be employed in the ordinary absorption pipettes, an

appropriately filled guard tube being attached to the bulb D. Of

course, no mercury is used to confine these liquids, and the mercury in

the capillaries is very carefully driven into the bulb F before transfer-

ring the gas. After absorption, the gas may be transferred directly to

the potash pipette, and thence to the measuring tube.

OtJicr accessories. Almost any form of absorption or combustion

device can be employed in conjunction with this apparatus, if it is fitted

with a horizontal capillary stopcock, or preferably with the usual

arrangement of the bulb and three-way stopcocks, F, G, and H.

Absorption Coefficients of the Commoner Gases

IN Water

In the following table the absorption coefficients of the commoner

gases in water at 15', are given, as determined by Bunsen (propylene by

v. Than). These values must be taken into consideration in all cases

in which gases are collected or analysed over water.

Propylene .... 0-237 Carbon monoxide . . 0-024

Ethylene . . . .0-162 Hydrogen . . . .0019
Methane .... 0-039 Oxygen .... 0-030

Carbon dioxide . . . 1-002 Nitrogen .... 0-015

More recent determinations by L. W. Winkler give the following

values for oxygen,^ nitrogen,- hydrogen,^ and carbon monoxide;* the

1 Ber., 1891, 24, 3609. • Ibid., 1891, 24, 99.

- Ibid., 1891, 24, 3606. -* Z.physikal. Chein., 1892, 9, 173.

r
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coefficients are stated for every degree between o' and loo^ in the case

of oxygen and of nitrogen, in the original papers.

Coefficient of
Solubility at
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waste gases escaping through the side tube d. The current of water
enters at e, where it passes through a sieve h, and enters the calorimeter

through g and ?', thus circulating in an opposite direction to that of the

products of combustion, whereby complete cooling of the latter, to the

temperature of the water, is effected. The water, after passing through

the annular chamber, goes over a series of baffle plates at in, to ensure

thorough mixing, and then passes out through the overflow z, where
it is collected and measured. The pressure of water is kept constant

by the two overflows at h and z, the water being run into Ji at a greater

rate than it passes through the calorimeter ; the rate of flow is regu-

lated by the cock i. The temperature of the entering water is taken

by the thermometer k, that of the exit water by the thermometer
above m. The whole instrument is enclosed in a cylindrical air-jacket

of polished or plated copper, to prevent radiation.

The whole apparatus, as arranged for actual experiment, is shown in

Fig. loi. The gas to be tested is measured by a small wet meter,

provided with a thermometer, and is passed through a governor, to

ensure a steady pressure of gas at the burner ; a water-pressure

.
gauge is attached to the governor, which indicates the pressure, above
that of the atmosphere, at which the gas is measured. As the water

supply may vary considerably in temperature, even within a short

period of time, if taken directly from a tap, it is preferable to have

a large reservoir for its storage. Pfeiffer^ recommends a sheet-zinc

tank of 60 litres capacity (H, Fig. loi), provided with a pipe iv, which
serves both for filling and discharging, a glass gauge, and an over-

flow pipe u ; the pipe w is connected with the pressure box of the

calorimeter, through the tap v. The experiment should be so regulated

that the temperature of the. exit gases at s (Fig. loi) is the same as that

of the laborator}^, so that they are only saturated with the quantity of

moisture corresponding to this temperature. Instead of measuring the
water collected from c, it may be weighed in the bottle F, of about 10
litres capacit}^ the weight of the empty bottle having been previously

determined.

The condensed water from the calorimeter is collected in the measur-
ing cylinder rt' (Fig. loi), which is placed in position after the gas-meter
index has completed a revolution, from the start of the experiment, and
the collecting continued for a corresponding period, after the bottle F
has been removed.

To carry out a test, the water is first turned on, and when it is

running from both overflows, the gas is lighted and the speed of the
water regulated by the cock ?, so that there is a difference of from lo"

1 AV^.—These recommendations, in respect to the use of the Junkers' calorimeter and the
accompanpng figure, are incorporated from Dr Pfeiffer's contribution on Gas Manufacture in

Vol. II. of the German edition.— C. A. K.
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to 20" between the inlet and outlet thermometers ; illuminating gas
is burnt at the rate of . from 100 to 300 litres (4 to 11 cubic feet) per
hour, producer gas at the rate of from 400 to looo litres (14 to 35
cubic feet). When the difference in temperature of the two thermom-
eters is nearly constant and the condensed water is dripping

Fig. ini.

regularly into d, the test can be begun. This is done by waiting
until the gas-meter index passes any desired point, and then quickly
introducing the outlet water-tube r, into a suitable measuring vessel

;

a series of readings of the thermometers are taken whilst about 28
litres (one cubic foot) of gas is burnt, and the volume of gas and of
collected water measured. The inlet thermometer k should be read
every minute, and the outlet thermometer (T, Fig. loi) every half
minute.
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The calorific value is,

Weight of water x temperature difference

Volume of gas consumed '

the volume of gas being corrected for temperature and pressure.

The value thus obtained represents the calorific power of the gas,

when the water formed by the combustion is converted into the liquid

state in the calorimeter. To obtain the calorific value when the water

formed escapes as steam, the latent heat of the condensed water must

be deducted ; the quantity of heat evolved by each c.c. of condensed

water may be taken, with sufficient accuracy for most purposes, as

0-6 big calories (the amount of heat required to raise looo g. of water

i'' C), and this value, multiplied by the number of c.c. of water con-

densed and divided by the gas consumed, will give the total heat to

be deducted from the gross or " higher " calorific value, in order to give

the net or " lower " calorific value of the gas, with the water formed in

the combustion remaining as steam. The result in calories, multiplied

by 3-97, gives the calorific value in British thermal units.

No further corrections are necessary, and the results are in every

respect satisfactory if the experimental conditions are properly carried

out. It is important that the determinations should be made in a room

free from any considerable variations of temperature.

If a large flame is used, the combustion is apt to be incomplete ; it

is accordingly recommended to ascertain, by a preliminary experiment,

that the waste gases contain several per cent, of oxygen, as otherwise

the determination of the calorific value ma}- be 5 per cent, or more too

low (F. Fischer).

Example of Determination.

Volume of gas consumed (5 revolutions of meter index,

at 3-06 litres per revolution) .... 15-3 litres.

Weight of water ....
Temperature of inle^ water, constant

Temperature of outlet water: 28-1 -2815 - 28-

28-I/- 28-1 - 28-1 - 28-1 - 28-1 -28-1

Temperature difference

Volume of condensed water .

Temperature of room....
Barometer . . . . . /

• 5310 g--

1

3'
-8

5-28-1

Mean ; 28 -i i

14-3'

14 c.c.

766 mm.
Gross calorific value per cubic 1 _ i5-3iox 14-31 \ 273 + 22 760

metre, at 15 C. and 760 mm. J ^ 0-0153 288 766
= 5082.

Net calorific value per cubic
| _ ( 5-310 x 14-31) -o-6x 14 273 + 22 760

metre, at 15'' C. and 760 mm. J 0'0i53 -88 766

= 4533-

(Jwing to the small quantity of condensed water collected in a
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single experiment, Pfeiffer^ regards the above meth6d of arriving at

the net calorific value as somewhat inaccurate, and as the result of his

own observations, is of the opinion that it can be best calculated from

the gross calorific value on the basis of independent experiments in

which 50 to 70 c.c. of condensed water are collected. From numerous
determinations, he finds that the net value is i i-i per cent, less than the

gross value, in the case of gas made from English or from Westphalian

coal and, as an average, 8-6 per cent, less in the case of carburetted

water gas. From these data, the net calorific value may be calculated

directly from the experimental determination, without reference to the

volume of condensed water formed.

To facilitate the correction of the calorific value for the volume

occupied by the gas at 15° and 760 mm., Pfeiffer has constructed the

subjoined table (p. 231), in which the figures are given, which must be

added to or subtracted from the value :

—

Weight of water x temperature difference

Volume of gas consumed

The table is calculated for gases having a calorific value of 5000
calories per cubic metre ; the corrections given in the table are

sufficiently near to those required for gases, with a calorific value within

± 200 calories of this limit, to be applicable also within this wider

range. The correction, for instance, at 22° and 750 mm. for gases of

4800 and 5200 calories per cubic metre respectively, is o-i8 and 0-196,

against 0-189 ""^ the table.

Calculations in cubic feet and corrected to 60° F. and 30-inch pressure

are similarly made, the tables used in the determination of the illuminat-

ing power of coal gas being employed for the latter corrections.

Boys' Gas Calorimeter.'-— This apparatus is prescribed by the

Metropolitan Gas Referees (1906), for testing the calorific value of

illuminating gas. It has been designed with the object of providing

ample space for the circulation of the stream of gases, so that they

pass slowly and freely through the instrument, and are thus effectively

exposed to the cooling surfaces. The water content of the instrument

is reduced to the smallest quantity, so that the outflowing water attains

its ultimate temperature very quickly after the gas is lighted. The
whole of the circulating water takes the same course continuously,

being debarred from any parallel or alternative routes, and thus unequal

heating and the attendant irregularity of the temperature at the outflow

are avoided. The small content of water suffices to abstract the whole

of the heat from the slowly travelling stream of gases, owing partly to

1 Loc. cit, ; andy. Gasheleucht, I904, 44, 684.
" Pi'oc. Roy. Soc, 1906, 77, Series A. 122. The apparatus is made by J. J. Griffin & Sons,

Kingsway, London.
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the avoidance of parallel routes, but mainly by reason of its flow

through a pipe of small diameter, the heat-collecting power of which is

greatly increased by attached wires.

The calorimeter is shown in vertical section in Fig. 102. It consists

of three parts, which may be separated, or which, if in position, ma}^ be

turned relatively to one another about their common axis. The parts

are (i), the base R, carrying a pair of burners B, and a regulating tap.

The upper surface of the base is covered with a bright metal plate, held

in place by three centring and lifting blocks C. The blocks are so

placed as to carry (2), the vessel D, which is provided with a central

copper chimne}' E, and a condensed water outlet F. Resting upon the

rim of the vessel D are (3), the essential parts of the calorimeter, attached

to the lid G. At the centre, where the outflow is situated, there is a

brass box, which acts as a temperature-equalising chamber for the outlet

water. Two dished plates of thin brass, K, are held in place by three

scrolls of thin brass, LLL. The lower or pendent portion of the box is

kept cool by water, circulating through a tube which is sweated on to

the outside of the bell. Connected to the water channel at the lowest

point, by a union, are six turns of copper pipe, such as is used in a motor

car radiator, of the kind known as Clarkson's. In this, a helix of copper

wire threaded with copper wire is wound round the tube, and the whole

is sweated together by immersion in a bath of melted solder. A second

coil of pipe, of similar construction, surrounding the first, is fastened to it

at the lower end by a union. This terminates at the upper end in a

block, to which the inlet water box and thermometer holder are secured

by a union, as shown at O An outlet water box (P) and thermometer

holder are similarly secured above the equalising chamber. The lowest

turns of the two coils N are immersed in the water, which in the first

instance is put into the vessel D.

Between the outer and inner coils N is placed a brattice (Q), made
of thin sheet brass, containing cork dust, to act as a heat insulator. The
upper annular space in the brattice is closed by a wooden ring, and this

end is immersed in melted rosin and beeswax cement, to protect it from

any moisture which might condense upon it. The brattice is carried by

an internal flange, which rests upon the lower edge of the casting H.

A cylindrical wall of thin sheet brass, a very little smaller than the

vessel D, is secured to the lid, so that when the instrument is lifted out

of the vessel and placed upon the table, the coils are protected from

injury. The narrow air space between this and the vessel D also serves

to prevent interchange of heat between the calorimeter and the air of

the room.

The two thermometers for reading the water temperatures, and a

third for reading the temperature of the outlet air, are all near together

and at the same level. The lid may be turned round into an}- position.
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Flo. lu2 (i Xat. Size).



234 TECHNICAL GAS ANALYSIS

relatively to the gas inlet and condensed water drip, that may be con-

venient for observation, and the inlet and outlet water boxes may them-

selves be turned, so that their branch tubes point in any direction.

The general arrangement of the apparatus, as set up for a test, is

shown in Fig. 103, the gas being first passed through a meter and

balance governor, before being led to the calorimeter. The gas supply

is connected up to the central tube at the back of the meter and thence

to the governor, preferably by means of composition piping. The pipe

leading from the governor should terminate in a tap with a nozzle, to

which a short length of rubber tubing is attached for connecting to the

calorimeter.

A regular supply of water is maintained, by connecting one of the

two outer pipes of the overflow funnel, shown in Fig. 103, to a small tap

over a sink. The overflow funnel is fastened to the wall about one

metre above the sink, and the other outer pipe is connected to a tube, in

which there is a diaphragm with a hole 2-3 mm. in diameter. This tube

is connected to the inlet pipe of the calorimeter. A piece of stiff rubber

tubing, long enough to carry the overflow water clear of the calorimeter,

is slipped on to the outflow branch, and the water is turned on so that a

little escapes by the middle pipe of the overflow funnel, and is led by a

third piece of tube into the sink. The amount of water that passes

through the calorimeter in four minutes should be sufficient to fill the

graduated vessel shown in Fig. 103 to some point above the lowest

division, but insufficient to come above the highest division in five

minutes. If this is not found to be the case, a moderate lowering of

the overflow funnel or reaming out of the hole in the diaphragm will

effect the necessary correction.

The thermometers for reading the temperature of the inlet and
outlet water are divided into tenths of a degree, and are provided with

reading lenses and pointers that slide upon them. The thermometers

are held in place by corks, fitting the inlet and outlet water boxes. The
thermometers for reading the temperature of the air near the instrument

and of the outlet gases are divided into degrees.

The flow of air to the burners is determined by the degree to which
the passage is restricted, at the inlet and at the outlet. The blocks C
(Fig. 102), which determine the restriction at the inlet, are made of metal,

about 5 mm. thick, while the holes round the lid which determine the

restriction at the outlet, are five in number and are 16 mm. in diameter.

The thermometer used for finding the temperature of the effluent gas is

held by a cork in the sixth hole in the lid, so that the bulb is just above

the upper coil of pipe.

The calorimeter should stand on a table by the side of a sink, so that

the condensed water and hot-water outlets overhang and deliver into

the sink, as shown in Fig. 103. A glass vessel is provided of the size



BOYS' GAS CALORIMETER 235



236 TECHNICAL GAS ANALYSIS

of the vessel D, which should be filled with water, in which sufficient

carbonate of soda is dissolved to make it definitely alkaline. The
calorimeter, w^hen not in use, is lifted out of its vessel D and placed in

the alkaline solution, and left there until it is again required. The
liquid should not come within two inches of the top of the vessel, when
the calorimeter is placed in it. The liquid must be replenished from

time to time and its alkalinit}- maintained.

The measuring vessel, shown in Fig. 103, carries a change-over

funnel, which is placed beneath the short tube attached to the hot-

water outlet. One side of the funnel delivers into the sink, and the

other delivers into a tube, which directs the water into the vessel.

Full details for carrying out a test are given in the Notification of

the Metropolitan Gas Referees for 1906;^ the above description of the

apparatus is taken from this notification.

Fischer's Gas Calorimeter."-—This form of calorimeter (Fig. 104),

consists of a wooden vessel B, in which nickel-plated copper vessels A
and C are contained. A is suspended

from the top of B as shown, and C is

fitted into B by the water-tight junction

at 7', which should be greased before

use. The detachable cover D is pro-

vided with an attachment at / for insert-

ing a thermometer, and to carry the

stirrer R ; the inner vessel C is expanded

into three lenticular chambers, each of

which contains a sheet of metal //, ser-

rated round the edge, the object of

which is to promote intimate contact

between the products of combustion and

the inner surface of the calorimeter.

The whole vessel is supported on the

feet F. The burner E is supported by

the socket f and the arm w, and is so

arranged that it can be readily adjusted

into position, by means of the tongue a

and a pin below f. A small inverted

cone of nickel gauze is placed in the

tube of the burner, to prevent the gas

cone, preferably of platinum gauze, with its apex

upwards, may also be fitted to the top of the burner tube. Air enters

at the inclined plate jr, the direction of which serves to retain the con-

densed water in the calorimeter, and the waste gases leave through b.

' Piiljlishcd by Wyman & Sons, Fetter Lane, London, E.C. Price is. 6d.

- Fischer s Ja/iresher., I go I, 47, 50.

striking back ; a
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To carry out a determination, the required quantity of water is

placed in A, the inner vessel C is placed in position, the cover D put

on, and a thermometer inserted at /. The water is agitated by the

stirrer until the temperature is constant, and the burner drawn down
below the body of the calorimeter and attached to the gas supply ; the

gas should be passed through the meter for some time previous to the

determination, in order to saturate the contained water. The burner is

then lighted, and quickly introduced into the position shown ; the

flame is adjusted for complete combustion, this adjustment being best

determined b)- a preliminary experiment so as to ensure an excess of

5 per cent, of oxygen in the waste gases. In testing semi-water gas or

producer gas, the air-holes at the bottom of the burner are closed ; in

the case of difficultly combustible gases, such as blast-furnace gas, it is

recommended to supply oxygen (about one-fifth of the volume of the

gas) through a tube fixed in the centre of the burner. The volume of

gas required for a determination is i litre of coal gas, li to 2 litres of

water gas, and 3 litres of producer or of semi-water gas. When the

desired volume of gas has been burnt, the rubber tube connected with

E is closed by pressing, and the temperature of the water in the

calorimeter read, after agitating with the stirrer for two minutes.

The increase of temperature, multiplied by the heat equivalent of

the calorimeter, gives the calorific value of the total gas burnt, which

can be calculated to the gross value per cubic metre at normal pressure,

and I5°C, as described above. To obtain the net calorific value of

the gas, the water in C, in which vessel the greater part of the water

formed in the combustion is condensed, is weighed ; this is effected by

first emptying the water out of A, and then detaching and weighing C,

after carefully drying it outside, the weight of the empty vessel having

been previously ascertained. A determination can be made in a few

minutes, and the volume of gas used is much less than that required for

the Junkers calorimeter
; the apparatus may accordingly be advantage-

ously used as a check on working conditions, and also when the gas

sample cannot be tested /;/ situ.

An apparatus for the determination of the calorific value of small

quantities of gas (2 to 3 litres) has been described b}- Hempel.^

The Loss of Heat from Chimney Gases

The loss of calorific effect in the combustion of fuel, owing to

the retention of heat by the chimney exit gases, can be calculated

from the following considerations. If the average percentage com-
position of the chimney gas is k parts carbon dioxide, parts

oxygen, and ;/ parts nitrogen, and that of the air for the com-

^ /. Soc. Chem. Ind., 1901, 20, 880 ; Z. angeiv. Cbem., 1901, 14, 713.
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bastion, ,v parts oxygen and :s parts nitrogen, then the ratio 7j of the

quantity of air used, to that theoreticall>- required is expressed by the

equation :

—

X n 2 1

V = -, c or ^ or ^
X - \zo : n) n - {zo : .v) 2 1 - (79 o : ;/)

with air containing 2 1 per cent, of oxygen. Since i kilo carbon gives

1-854 cb.m. of carbon dioxide on combustion, i kilo of fuel, containing c

per cent, of carbon (after deducting any unburnt carbon left in the ash

or slag), gives 1-854 x—-=K cb.m. of carbon dioxide (at o" and 760

mm.) ; the resulting chimney gases will include, in addition, K x t- =0.

cb.m. of oxygen, and K x -t=N. cb.m. of nitrogen. The total weight

of water-vapour W, contained in the chimne}' gases, consists of that

derived from the moisture present in the fuel, as ascertained by
analysis, that formed by the combustion of the hydrogen, and that

contained in the air used in the combustion. With s as the percentage

of sulphur in the fuel, the total volume of the products of combus-

tion is :

—

K-i ^ ^^—^ 1—?s— cb.m., at o and 760 mm.
k 286-4 O'oos

(286-4 = weight o^ I cb.m. of sulphur dioxide; 0-805= weight of i cb.m.

of water-vapour).

The loss of heat is calculated by multiplying the volume of each gas

by its specific heat, and b)- the difference between the temperature of

the air supply and that of the exit gases ; the total of these factors gives

the heat loss in calories. The loss due to incomplete combustion can

be calculated from the calorific value of the unburnt coal in the furnace

residue and of the combustible constituents of the chimney gases, carbon

monoxide, methane, h}-drogen, and soot.^

For practical purposes, a shortened formula proposed by Lunge,-

dependent upon the determination of carbon dioxide only, is to be

recommended. The proportion of oxygen and nitrogen in the waste

gases is taken b}- difference. If ;/ = the volume per cent, of carbon

dioxide, then 100 — ;/ = the volume per cent, of oxygen plus nitrogen;

and since i kilo of carbon forms 1-854 cb.m. of carbon dioxide on com-

bustion, the volume of oxygen plus nitrogen in cb.m. per kilo of

carbon is :

—

o 100-//
= I -8 54 X ,

' For fiu"ther details, c/". Fischer, Tasc/ienbiic/i/iir FeHenutgstec/niiier, lih^Ahion, 1885.
-'

/. Soc. Chem. hid., 1889, 8, 5?i ; and Z. a»g,-w, Chem.^ 1889, 2, 240.
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If /' = temperature of the chimney gases, / = temperature of the air,

r= specific heat of i cb.m. carbon dioxide (0-41 up to 150" and 0-43 to

0-46 between 150° and 350'), and r' = specific heat of i cb.m. of nitrogen

(about 0-31), then the loss of heat (L) per kilo of carbon burnt, expressed

in calories, is :

—

L r854(/' - /)c+ i-854(/' - /) x~—"
c

Since the calorific value of i kilo of carbon is 8-o8 calories, then

100 X L
8 -08

= Percentage loss of heat bv the waste gases.

Determination of the Total Sulphur in Heating Gases

This determination, which is occasional!}- desirable, can be carried

out by means of the apparatus shown in Fig. 105 (^V actual size).

The gas supply, after passing the experimental

meter, is burnt in the small Bunsen burner B, at

the bottom of the adapter C ; the latter is fitted

into the bulb tube 7i, at v, either by a cork or

by an asbestos ring. The tube is surrounded b}'

a condenser K, the water suppl}' of which enters

at a and leaves at ;/. The water formed in the

combustion condenses in the tube ;/;/, and there

absorbs the sulphurous and sulphuric acids, the

liquid products being finally collected in F. The
sulphur content is determined by titration with

Njio alkali, after first oxidising the sulphurous acid

with hydrogen peroxide ; or a test-tube, containing

ammonium h}'droxide, may be placed b\' the side of

the burner, during the combustion, in order to ensure

a more complete condensation of the sulphur dioxide,

and the sulphuric acid determined gravimetricall}-.

The current of gas is regulated so that there is an

excess of 4-6 per cent, of free oxygen, as can be

determined by taking a sample of the exit gases

at O ; with good condensation, about 50 c.c. of liquid

are collected per 50 litres of gas burnt.
Fio. 105.
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FUEL ANALYSIS

By Professor F. Fischer, Gottingen. English translation revised by
T. Lewis Bailey, Ph.D.

The term Fuel, strictly speaking", is applied to the following sub-

stances :—Wood, peat, lignite, coal, and their products of carbonisation,

viz., wood charcoal and coke.

The analysis of wood, considered as a fuel, is seldom carried out,

and if done, is usually confined to the estimation of moisture. The
moisture of freshly felled timber varies from 15 to 45 per cent. ;^ further

investigation has no significance, as the composition of dry wood varies

but little. The calorific power of dry wood is about 4500 calories.-

Peat, on the other hand, varies considerably, not only in the amount
of moisture it contains, but also in the percentage of ash and in the

chemical composition of the peat substance proper ;
^ consequently the

calorific power is variable. Peat is, however, used as fuel in very

few industries, so that its analysis is seldom required ; when necessary,

the same method that is employed for coal is adopted.

Sampling.—Before proceeding w'ith the analysis, it is necessary to

obtain an average sample, for if the sample be not representative, the

whole analysis naturally becomes worthless. In taking the sample, it

is to be borne in mind, that the composition of the coal of some pits

is very variable, whereas, in other cases, the variation is only slight.

For instance, in a piece of Deister coal, weighing 5 kilos, Fischer found

the ash to vary from 4 to 31 per cent, in different portions of the

sample. In twenty-four samples from the Unser Fritz mine, the ash

varied only between the limits i-i and 7-8 per cent.* Stein ^ found

considerable variations in the composition of coals from Saxoii}\ It

is to be noted, too, that the rough-hewn coal often contains a different

' Cf. F. Fischer's Tasclienbnchf. Feuerungstechniker, 5th ed., p. 57.

- Z. aiigew. Chem., 1893, 6, 575 ; 1899, 12, 334.
" Fischer s Jahresbe v., 1^94, 7 ; Stahl u. Eiseii, 1901, 21, 749.
^ Ihid.

' Stein, Unteysuchung dey Sleinkohkn Sac/isens, 1857 ; Fischer, C/ieinische Tec/inologie de)'

BrennslOjffe, vol. i., p. ^03.

Q
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amount of ash from the cobbles, so that, in sampling, relative propor-

tions of each grade of the material must be taken.

As an example of sampling, suppose that an average sample of the

fuel used for a boiler trial, extending over ten to twelve hours, is required.

A shovelful is taken from each consecutive barrow-load, or from every

second load, and put into a covered box ; the coal is subsequently

broken down, mixed over, spread out in the form of a square, and
divided by the diagonals into four parts. Two opposite quarters

are thrown out, the remaining two mixed, broken down further, again

quartered, and so on, until only about 2 kilos (4 lbs.) remain. This

sample is then bottled and sealed. For accurate work, it is advisable

to prepare a second sample from the first half of the material thrown
out, and to use this for an independent analysis. As there is danger

of a loss of moisture during sampling, smaller samples, of about 50 g.

each, are taken from time to time and put into weighed stoppered

bottles, to serve for the moisture determination.

Preparation for analysis.—The samples are first coarsely crushed

and well mixed ; 200 g. are then finely powdered, care being taken

that none of the more difficultly crushed portions are thrown out.

Moisture.—This determination must not be carried out in open

vessels, as many fuels oxidise slowly in the air, on being warmed.^ For
technical purposes, 5 to 10 g. of the fuel are warmed between two watch-

glasses, or in a covered crucible, for a couple of hours, at a temperature

of 105° to 110°, in an air-bath, then allowed to cool in a desiccator, and
subsequently weighed. In the case of the 50 g. samples, previously

mentioned, the moisture is ascertained by weighing the stoppered

bottles with their contents before and after drying.

An alternative method is to effect the drying over concentrated

sulphuric acid, in a vacuum desiccator, for twenty-four hours.

Ash.—This estimation is especially necessary in the case of coal and

coke. From 2 to 5 g. of the finely powdered sample, according to

the probable quantity of ash present, are heated in a platinum dish.

The heating must at first be gentle, and the temperature must be

increased gradually, so as to prevent rapid formation of gas and con-

sequent mechanical loss of ash, in the form of dust ; finally, a

moderate red heat is employed until the operation is complete. During

the later stages, the ash is occasionally stirred with a platinum wire.

The gradual heating is more especially advisable in the case of caking

coal, a small flame being employed at first, best after about two
hours' previous heating in an open dish, in an air-bath, at 120° to 150"^^;

this prevents sintering of the coal.

Some kinds of coke, and also furnace clinker, are difficult to burn

completely to ash, unless they are very finely powdered, and they

1 Z. aiigiw. Chan., 1899, 13, 465 and 766.
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require frequent stirring during the combustion. Excessive heating

is to be avoided, owing to possible loss of alkalis.

G. Lunge's method of determining ash may be strongly recom-

mended. A circular hole is cut in a piece of asbestos board and the

crucible is placed in this, as shown in Fig. io6 ; the flame thus comes

Fig. 100. Fig. 107.

in contact with the lower part of the crucible only, and the fuel itself

is in free contact with the air. If many ash determinations have to

be carried out, shallow rectangular trays of platinum (Fig. 107) may

be conveniently employed ; samples of only i to 2 g. are taken, which

are heated gradually in a muffle furnace (Fig. 108). In this way a

number of determinations can be carried out simultaneously.
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After weighing the ash, it may be further examined ; an alkaline

ash, or one which produces effervescence with hydrochloric acid, will

attack acid refractory materials ; the ash may also be tested for

sulphates and phosphates, and its fusibility, etc., ascertained.

Residual Coke or Fixed Carbon.—From i to 1-5 g. of the sample

is heated in a covered platinum crucible, placed on a platinum

wire triangle. The heating is effected by a good Bunsen flame, the

crucible being completely enveloped by the flame ; the bottom of

the crucible should be about 3 cm. above the top of the burner.

Heating is continued until flame no longer issues from under the

crucible lid.^

According to Constam and Rougeout,- the results obtained by this

method are from i to 3 per cent, too high, and they give preference to

the following method, due to Broockmann.-^ The sample is placed in a

crucible, between 22 and 35 mm. deep, provided with a well-fitting

cover, in the centre of which is a hole 2 mm. in diameter ; the bottom of

the crucible is placed about 6 cm. above the top of the burner, the total

height of the flame above the burner exit being 18 cm. The heating is

continued until there is no longer any flame burning at the hole in the

crucible lid.

A modified form of Henrich's method * has been adopted in the

United States, as the result of a report by a Special Committee on Coal

Analysis.^ An ordinary platinum crucible, supported by a platinum

triangle, is used, placed 6 to 8 cm. above the top of the burner, and the

heating is continued for seven minute.s. The determination is made on

the undried, finely powdered sample.

Gruner'^ recommends a short form of examination of coal, which

consists in ascertaining the yield of coke (reckoned ash-free), and
the percentage of moisture ; the difference gives the amount of

volatile matter given off on coking. He considers that those coals

which give the smallest amount of coke have the lowest heat-pro-

ducing value on combustion, a statement which is not altogether

correct.

Von Juptner's method^ is similar; his method of calculation of the

calorific power is open to criticism.

' Cf. Fischer, Technologic dcr Bremistoffe, vol. i., p. Ill ; also, Muck, Eiituickluiig der Steiit-

kohlenchemie^ p. i8.

-' Gliickaiif, 1906, 42, 4S1
; /. Soc. C/iem. hid., 1906, 25, 631.

•' Muck, Chemie der Sleiitkohle, p. 32.
* Z. anal. Chein., 1869, 8, 133.

^ /. Amer. C/iein. Soc, 1899, 21, 1122 ; cf. also, Somermeier, ibid., 1906, 22, 1002.
'• Dingl.polyt. /, 1876, 219, 17S.
'' Die Bestiminung des Hcizwcrtes von Brenninalerialien, by H. von jQptner, in Sammlung

cheinisch-techn. Vortrage, edited by Aluens, vol. ii., pt. 12, 1898 ; cf. Z. angew. Chem., 1901,

14, 1260.
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Rough,

fine-srrained.

The appearance of the crust of coke, produced in the crucible from

finely powdered coal, is differentiated as follows :

—

' ,' Porous all over or to

near the edge . . i. Sand-coal (long flame dry coal).

Black. - Fritted hard, porous in

centre only . . 2. Sintered sand-coal.

'Fi'itted hard all over . 3. Sinter-coal (long flame fat roal).

Grey and hard, with blistered

appearance . . . .4. Caking Sinter-coal.

Smooth, lustrous, and hard 5. Caking coal proper.

Schondorff ^ gives the following data as characteristic :

—

Class of Coal.

1. Long fl;ime diy coal

2. Long flame fat coal (gas coal)

3. Fat coal proper (furnace coal)

4. Short flame fat coal (coking coal)

5. Poor anthracitic coal

Yield of Coke
Per cent.

50 to 60
60 to 68

68 to 74
74 to 82
82 to 90

Character of Coke.

Pulverulent or sintered.

Fused, but considerably fissured.

Fused
; tolerably dense.

Fused
; very dense ; few fissures.

Sintered or powder}'.

In the case of caking coal, the increase in volume should be taken

into consideration.

Sulphur.—Sulphur occurs in coal as iron pyrites; it is seldom
combined with other metals. It is present also in the form of organic

compounds - and as sulphates. The determination of the character

and amount of these various compounds serves no useful purpose from
a technical standpoint ; the important factor to know, is the amount of

sulphur present and the proportion which is detrimental to the process

in which the fuel is to be used.

During the distillation of coal, either in gas retorts or in coke ovens,

the sulphates are reduced to sulphides, pyrites forms ferrous sulphide,

and oxide of iron may be converted into sulphide, by interaction with

the organic sulphur compounds. How much of the sulphur passes off

in the gas and how much remains in the coke can only be ascertained by
direct experiment and analysis.

When the coal is to be used for ordinary firing, only the " volatile

sulphur" need be considered, that is to say, the sulphur which passes

off in the products of combustion as sulphur dioxide and partly as

sulphur trioxide. Neither the sulphur remaining in the ash nor the

total sulphur give any useful information. On the other hand, in the

case of those smelting processes in which the fuel comes into direct

contact with the material, as in black-ash furnaces, blast-furnaces, etc.,

the estimation of the total sulphur is necessary.

The estimatioji of Total Sulphur is usually carried out by Eschka's

1 Z.f. Berg.-, Hutteit-, und Salinemcesen, l875, 149- " Cf. Z. aiigew. C/ieiu., 1899, 12, 766.
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method.^ About i g. of the finely powdered sample is mixed, in a

platinum crucible, with 2 g. of a mixture composed of two parts of well-

calcined magnesia and one part of anhydrous sodium carbonate. The
crucible, without the lid, is placed in a hole cut through an asbestos

board (Fig. io6, p. 243), and is heated in such a way that the lower

half only of the crucible attains a red heat. Heating is continued for

about an hour, the mixture being frequently stirred with a thick platinum

wire. As soon as the grey colour of the mixture has given place to a

uniform yellowish, reddish, or brownish tint, the heating may be con-

sidered to be finished. After cooling, the crucible is placed in a beaker

and covered with water ; this is raised gradually to boiling, and ex-

traction is completed by successive additions of water. Bromine water

is then added until the liquid becomes slightly yellow, and the

solution warmed to effect the oxidation of any sulphides present. The
whole is then filtered, the filtrate acidified with hydrochloric acid, and

barium chloride added to the boiling solution. From the amount of

barium sulphate obtained, the sulphur is calculated in the usual way.

According to the proposal of Rothe,- the roasting of the mixture

may be carried out in a porcelain crucible, placed in a muffle furnace.

The duration of the operation may be shortened by carefully adding

sodium peroxide, little by little, to the roasting mass, until oxidation is

complete.

C. Sundstrom,^ as also Pennock and Morton,^ use sodium peroxide

alone; Konek^ determines the sulphuric acid, in the solution obtained

in the estimation of the calorimetric value of fuel, by Parr's method

(p. 256). A modification of this method is described by Schillbach.^

With the object of avoiding the possibility of error, from sulphur

formed in the combustion of the gas used for heating, Brunck ^ has

proposed a method for the determination of sulphur in coal, which

consists in heating i g. of the sample, mixed with 2 g. of a mixture of

2 parts of cobalt oxide and i part of sodium carbonate, in a current of

oxygen. The combustion is completed in fifteen minutes. The pro-

ducts of the oxidation are extracted with water, the cobalt oxide

filtered off, and the sulphuric acid estimated gravimetrically. With
certain coals, the oxide of cobalt may retain sulphur as a basic sulphate,

which must be tested for and determined, if present.

TJie Volatile SnlpJiiir can be ascertained by subtracting the sulphur

of the ash from the total sulphur, or it may be determined directl}', by

combustion of the coal in a current of oxygen. This latter determina-

tion is carried out in the same way as an organic analysis, but a larger

1 Z. ajial. Chem.. 1878, 17, 497 ;
/. Soc. C/iem. hid , 1889. 8, 361,

2 MUt. techn. Versuchsanst, Berlin, 1891, 107. ^ Z. avgew. Che??!.. 1903, 16, 516.

^ J. Amer. Chem. Soc, 1903, 25, 184. '' Jbid., 1903, 16, 1080.

•* Ibid., 1903, 25, 1265. 7 /hid., 1905, 18, 1560.
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weight of sample is necessary (o-8 to i g.), and the combustion tube

should contain a short length of platinum clippings at n (Fig. 112),

instead of the usual copper oxide. The sulphur dioxide and trioxide

produced are passed into hydrogen peroxide, and the sulphuric acid

thus produced is either precipitated as barium sulphate or is titrated

with A" 10 potassium hydroxide.

Arsenic has been found in certain samples of English coal and

coke ;
^ methods for its estimation have been described by Thorpe,- and

by M'Gowan and Floris."

Phosphorus.—The estimation of phosphorus is necessary only for

metallurgical purposes. One to two g. of the ash are digested with con-

centrated hydrochloric acid, the whole taken to dr}-ness, and the residue

extracted with water containing a little hydrochloric acid. This solu-

tion, after the addition of nitric acid, is again taken almost to dryness

and precipitated with ammonium nitro-molybdate in the usual manner.

Nitrogen.—This determination is not often required. In the

Kjeldahl method/ o-8 to i g. of the very finely powdered coal is mixed

in a flask of well-annealed potash glass, with i g. of finely ground

yellow mercuric oxide and 20 c.c. of concentrated sulphuric acid

;

the mixture is heated in a fume chamber for about an hour, on a hot

plate, until the more energetic part of the reaction is past, and is kept

subsequently at the boil for from one to two hours, on a wire gauze,

until the solution is colourless. All classes of coal, even anthracite,

dissolve in the time stated. After cooling, the contents of the flask

are transferred to a second flask of about | litre capacity, containing

a little water, and standing in cold water; 120 to 140 c.c. of pure

sodium hydroxide solution of sp. gr. 1-26 to 1-28 are added (made by

dissolving about 310 g. of caustic soda sticks in water and making up

to a litre) and 35 c.c. of a solution of yellow sodium sulphide, con-

taining about 40 g. to the litre, together with a small piece of zinc,

to prevent bumping during boiling. The whole is then distilled for

from twenty to thirty minutes into a receiver containing 30 c.c. of A720

sulphuric acid. By employing a tall distillation flask of considerable

capacity, the introduction of a bulb between the flask and condenser,

for the purpose of catching alkaline liquid mechanically carried from

the flask, is rendered unnecessary. The sulphuric acid in the receiver

is finally titrated with A720 baryta water, or with A^ 10 sodium

hydroxide solution, using rosolic acid as indicator.

According to investigations by Fischer,^ the inconvenience of using

sodium sulphide and mercury may be avoided as follows :—About i g.

1 /. Soc. Chem. Iiici., 1901, 20, 437. ^ /. C/iem. Soc, 1903, 83, 969.

3 J. Soc. Chem. Ind.y 1905, 24, 265.

* Cf. Z. anal. Chem., i885, 25, 314, and subsequent papers.

^ Fischer's Ja/iresber.^ 1 894, 6.
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of peat, powdered lignite, or very finely powdered coal, is boiled with 20

c.c. of concentrated sulphuric acid (free from nitrogen compounds), and

8 to 10 g. of potassium sulphate, using the same precautions as de-

scribed above ; decomposition is complete in about two hours, after

which the ammonia may be distilled over and estimated as usual.

The determination of Carbon and of Hydrogen. — Since wood,

in a finally divided condition, and more particularly peat, absorb

moisture very readily, after having once been dried, the accurate

weighing of such samples for ultimate analysis or for calorific power
determinations is a matter of some difficulty. This difficult)-, as well

as the danger of error due to the oxidation of coal during drying

(p. 242), may be avoided by weighing out 0-3 to 0-4 g. of very finely

powdered coal, or about 0-5 g. of finely rasped air-dried wood, and

compressing it in a cylindrical mould.

The kind of mould employed for the purpose is shown in Fig. 109.

A steel ring a is clipped to the bottom plate ;//, by means of a hex-

agonal nut 11. The sample is filled in, and is compressed

by the small ram s\ a strong cop)^ing-press, with iron

base-plate, serves well for the purpose. The nut ;/ is

then unscrewed with the aid of a spanner, the inner

ring a placed on a circular plate, and the sample pushed

out by means of the ram s. The pressed c\'lindrical

samples are then put into stoppered weighing bottles

and dried at 105" to 110°.

Towards the end of the operation, completion of the drying may
be hastened by drawing air through the weighing bottle, or, in case

several samples are being dried simultaneousl}',

through the drying oven. To ensure that the

samples are not broken down by the too rapid

evolution of water-vapour during drying, the tem-

perature is raised gradually to 105' to 108 ; this

precaution is especially necessary in the case of

wood and peat. For the drying operation Fischer

uses the apparatus shown in Fig. 1 10.^ The c)lin-

drical case is made of sheet copper and is 10 cm. in

diameter ; the lower portion is rounded as shown,

and is provided with a brass tube r, to the lower

end of which is attached a short calcium chloride

tube, for drying the air to be admitted to the apparatus. The cover / is

provided with an asbestos sheet on its under side. An asbestos shield,

resting on a ring r, surrounds the whole, at a distance of about 5 mm.
from the outside of the case. The gas tube b, is bent in the form of a

ring and is pierced with four holes, thus providing four tiny gas flames.

' Z. angew. Cheinit\ 1894, 7, ig.

Fig. 109.

Fic. 110.
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Two perforated trays s, ensure uniform heating of the samples contained in

the weighing bottles^. The amount of gas required is extremely small.

The determination of the carbon and hydrogen, in the dried sample,

is carried out in the same way as the ordinary ultimate analysis of

organic compounds. Fischer^ recommends the following modifications

in the process. The two

end-plates, /' and /, of the

combustion furnace (Fig.

Ill) are joined at their

lower ends to the base-

plate, and are connected

above by the two iron

rods ;/. The tiles s stand

in a shallow channel run-

ning along each side of the

furnace, and their upper

ends rest against the rods //.

The burner flame, protected

from draughts by the side-

plates a, is thus caused to pass completely round the combustion tube,

which lies in a semicircular sheet-iron bed o. A combustion tube of

hard glass is used; aa (Fig. 112) are two asbestos plugs, wrapped in

very thin platinum foil, and between these is a layer of granular cupric

oxide ;/, which in the case of coal containing much sulphur is replaced

by a shorter layer of coarse lead chromate. After the introduction of

the platinum boat ;//, containing the sample, the open end // of the

tube is connected to an oxygen supply, and the calcium chloride tube r,

fixed directly into the other end tc.

Before beginning the combustion proper, the tube is laid on the

bed 0, the tiles are placed against the rods ?^ (Fig. hi), and the

copper oxide is heated to redness by means of three or four flat-flame

burners B (a portion of a is omitted in the figure so as to show the

burners). A single burner suffices for heating the other portion of

the tube. A current of air, washed by means of potassium h}'droxide

and dried by sulphuric acid, is first passed for about ten minutes, and
the tube is then allowed to cool. The stopper u is then removed,

the platinum boat containing the weighed sample introduced and the

1 Chemische Techuologie der Brennstojfe^ vol. i., p. 127.
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stopper replaced. The calcium-chloride tube, etc., are attached, and
the combustion is then carried out in the usual manner, in a current

of oxygen.

Such modern improvements of the combustion process, as the use

of electrically heated furnaces ^ and of Dennstedt's - simplified method
of organic analysis, are of course applicable to the estimation of carbon

and hydrogen in fuel.

The Determination of the Calorific Power of Fuel

The calorific power of fuels may be calculated from their elementary

composition, or it may be determined by direct experiment. The
formula of Dulong serves for the calculation

;
referred to liquid water

at 0° C. as product of combustion, it is :

—

[8100 <:+ 34220 (// — ^-) + 2500 s]-:r 100;

or, referred to water-vapour at 20' C, which is more practical,

[8100 r+2S8oo (//— y) + 25oo -$-—600 :<.']-^ 100,

in which c, /i, 0, and s represent the percentages of carbon, hydrogen,

oxygen, and sulphur respectively.

The value in R.T.U. is obtained b}- multipl\-ing the value in calories

by 3-97.

Dulong's formula gives fairl}' good results in some cases, whilst in

others the results are from 2 to 6 per cent, out ; in the case of wood,

peat, and lignite especially, the results are considerably too low,^

Many modifications of this formula have been proposed, but they are

all only approximations. The true calorific power of fuels can only

be reliabh' determined b}' means of direct calorimetric measurements.

Numerous forms of apparatus have been proposed for this purpose,'^

of which those in which the combustion is effected in oxygen, either

at atmospheric pressure or in the Berthelot bomb, are the most
satisfactor}'.

Fischer's Calorimeter.—For carrying out the combustion at

atmospheric pressure, Fischer^ makes use of a combustion vessel of

silver or of nickel-plated copper, which is clipped to the bottom of a

nickel-plated copper cooling vessel B (Fig. 113), by means of three

bent feet / In the tube d of the cover is fixed a tube c, which is

widened out into a plate at its lower end and carries a cylindrical

vessel /, made of platinum or of nickel. Attached to the ring / is a

small basket s, made of either platinum or nickel gauze, in which the

1 Cf. Blount, A/ia/ysf, 1905, 30, 29 ; Morse and Ta3-lor, Amer. Chem.J.^ 1905. 33. 591.
- Ber.^ 1906, 39, 1623,

3 Z. angeiv. C/iem., 1893, 6, 397 and 575 ; Fischer s Jahresber., 1893, I.

^ Fischer, Chemischt Techwlogie der Brennstoffe, vol. i., pp. 129, 148, and 530.
' Fischer s Jahresher., 1885, 1207. Z. angeii\ Cheiiu, 1892, 5, 542 ; 1894, 7, 19 ; 1901, 14, 444.
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sample is placed. If the sample is small, it is advisable to use a round

basket. The opening in the bottom of the vessel / is covered with

a piece of platinum gauze c, and underneath is a plate :. Oxygen

is conducted into the apparatus through the glass tube a, and the

products of combustion generated in s are carried downwards by the

pressure of the oxygen, through the gauze l\ and against the plate v,

so that complete mixing and combustion is attained. The gases then

pass through the outlet / into the

flattened vessel cc (which ma}- consist

of a spiral tube), through the tube g
and its glass extension b, to waste

;

or they may be collected in a gas-

holder, the oxygen being subsequently

freed from carbon dioxide, and used

for sulphur estimations and the like.

The cover ;/ of the apparatus is

made in two halves. One half is

fastened down by means of a screw,

and through it pass the rods of the

stirrer rni and a thermometer /; the

thermometer scale is graduated to

so that differences of

read by means of a

read to ^V'

,

T-g-g-°
can be

cathetometer.

The space between B and D is

loosely packed with dr\- swan's-down,

and the joint between the edge of the,

copper vessel B and the wood case D
is coated with shellac varnish, to pre-

vent absorption of moisture. If the

apparatus be kept dr\' when not in

use, the heat loss is very small, amounting to 0-0025", per degree differ-

ence of temperature, per minute. This value and the water equivalent

of the apparatus are determined, either by the method of mixture,^ or

the water equivalent may be ascertained by weighing, thus :

—

Grams.

Weight of containing-vessel with stirrer . 916-5

Weight of silver calorimeter . . . 278-4

Allowance for platinum extras, thermometer, etc. .

rf .'< rft -^ ^ •^^'>2i3•'^ • > rvl:'-"i"C«:i

Fig. 113.

Sp. beat.
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cated to the part of the apparatus surrounding B, so that about 5 cal.

should be added, on an average, to the value obtained by weighing.

The ignition of the charge is effected in the usual way, by the

introduction of a splinter of red-hot charcoal about 1-5 mg. in weight;

the allowance necessary for this is 12 cal. The electrical ignition con-

trivance described on p. 215 may also be used ; in this case about 2 mg.

ofgun-cotton or cotton wool are placed in the platinum spiral beforehand.

With some practice, it is quite eas}' to carr)' out a combustion so

that the whole of the material is completely burnt ; an examination

of the gases passing from b is then unnecessar}-. There should be no

deposit or smell noticeable on opening the calorimeter, after a com-
bustion. Should it be deemed desirable, however, to examine the

products of combustion, the gases escaping from h are passed through

a bottle containing potassium hydroxide solution, so that the velocit)-

and pressure of the exit gases may be observed ; following this is a

soda-lime tube 3 cm. in diameter and 20 to 25 cm. long, a similar

tube containing calcium chloride, and then a combustion tube 15-20

cm. in length and containing a 4 cm. layer of copper oxide, placed

between pieces of coarse platinum or nickel gauze. To the end of

this tube a calcium chloride tube, 2-5 cm. in diameter, and a similar

tube containing soda lime, are attached. From the increase in weight
of the two latter tubes, the amount of the incompletely burnt gases

can be determined.

The manipulation is as follows :—A compressed sample of the

fuel is taken, by means of forceps, from the weighed drying bottle, the

weight of the sample being ascertained by difference; this is placed

in the small basket s^ p is then fixed on to the end of d, the cover

fixed firmly on to the calorimeter, as shown in Fig. 113, a small

quantity of a mixture of melted caoutchouc and vaseline being used

to make it tight. The calorimeter is then placed in B, the tube a

connected up to the oxygen supply, the necessary quantity of water

poured into B, the cover ;/ laid on, the thermometer / inserted, and
the temperature observed until constant. The oxygen supply is then

gently turned on, a small piece of glowing charcoal thrown in through

cr, and the cap on a quickly replaced; at the same time the ox)gen
supply is increased. In a couple of seconds or so it will be seen

that combustion has begun, and then oxygen is supplied, at such a rate,

that about 2 litres pass in the course of half a minute. As the energ)-

of the combustion slackens, the ox}'gen supply is reduced to about

one-third. The combustion occupies only three-quarters of a minute.

In the course of a further couple of minutes, if the calorimeter is of

silver, or of from three to four minutes, if the calorimeter is of nickel,

the thermometer should show a maximum reading, which indicates the

completion of the experiment.
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Fischer uses two ox\'gen gasometers, with at least half a metre

water-pressure, for the combustion ; these are connected to a glass

T-piece, and thence to the calorimeter. Assuming c to be connected

to the calorimeter, a and b are connected to the oxygen cylinders b\'

rubber tubes provided with screw clips. The clip on a is arranged

to allow of the passage of about i litre of oxygen in a quarter of

a minute, and a second easily removable clip is used for completely

cutting off the supply. On the tube connected to /; is

a screw clip, by means of which the oxygen suppl}' can

be readily increased, as soon as ignition has taken place.

On the first sign of combustion the removable clip is

taken off a, so that an excess of oxygen is at once available. When
the vigour of the combustion shows signs of decreasing, a is again

closed, and the combustion is finished by means of the supply through b.

It is well to pass about 2 litres of air through the complete apparatus

in half a minute before proceeding to a determination, so as to ascer-

tain that all connections are sufficiently open. No mechanical loss, even

in the case of peat, can occur if this test is satisfactory.

Fischer uses 1600 g. of water with this apparatus, so that the total

calorimeter value is 1600+ 1 10= 17 10. The heat loss of the calorimeter

for V temperature difference, per minute, is onh-4 cal., if the packing be

kept dry. As an experiment lasts scarcely three minutes, this correction

is small, being only 15 to 20 cal. If the cooling water is i to \ -2

below the temperature of the room, this correction may be neglected.

The following figures will serve as an example :

—

Temperature rise of water at end of i minute . . . \ -i

„ „ -2 minutes . . • ~'S
1 "^ -o

» 4 „ • • •
3'-o

The mean temperature for the individual minutes may be taken

as :

—

1 minute . . o -6 corresponding to 2-4 cal.

2 minutes . I'-S ,,

o . 2 -7

4 „ . . 2=-9

7-2

IO-8

1 1-6
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of oxygen are used, the loss of heat from this source is about 6 cal.,

which is practically the same as the heat produced by the charcoal used
for the ignition. These two corrections, therefore, practically neutralise

each other.

The greater part of the water formed in the calorimeter is con-

densed. If the calorific power is referred to liquid water as product of

combustion, 6-i cal. must be added for every lo mg. of water-vapour
given off; but if calculated to water-vapour at 20°, then 6-i cal. must
be subtracted for every 10 mg. of w^ater condensed. The amount of

water condensed can be ascertained by drying the calorimeter externally,

and weighing, after removing a and b ; it is then washed out with
distilled water, to remove any sulphuric acid that has been formed,
dried by warming, and again weighed.

The Berthelot Bomb Calorimeter.'—The bomb (Fig. 114), con-
sists of an iron tube, lined with platinum, to which a strong bottom

10 mm. thick and a cover of about 30 mm. thick-

ness, are screwed and soldered. It has a capacity

of about 250 c.c, and should be tested to 50 atmo-

spheres. It is closed by the headpiece A, pro-

vided with a screw plug a.

At /;/;, a flange (not shown) can be fastened on
by screw bolts. An iron rod c is screwed into A,
which also carries the insulated rod d, for electrical

connection. Platinum wires f and g, of about

0-8 mm. thickness, are screwed and fastened firmly

into c and d respectively ; these carry a small fire-

clay tray c. The insulation of d is efiected by a

piece of thin-walled rubber tubing /, pushed over

the thickened portion h, of the rod ; by passing

the tubing through the slightly conical hole in A,

then pulling the tube and at the same time sharply

pushing the rod d, a satisfactory fixing is effected.

The lower portion of the rubber tubing is cut off, so that it shall extend
about I cm. beyond the thickened portion of d, whilst at its upper end
it projects somewhat beyond the hole. To prevent burning of the rubber

inside the hole, its lower portion is packed with asbestos. The com-
pressed sample of coal is put into electric connection with /and g by
wrapping it round with platinum wire. Sheet lead is used to make
the screw-plug and the headpiece quite gas tight. When the headpiece
has been screwed into position, the apparatus is filled with oxygen.
For this purpose connection is made with a cylinder of compressed
oxygen, provided with a pressure gauge. In order to fill the bomb, the

screw-plug a is eased to the extent of a full turn, and the tap of the

^ CoDiptes rend., 1892, II5, 201.
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oxygen cylinder carefully opened. As soon as the pressure in the

bomb has reached 6 atmos., the C}-linder tap is closed, and the oxygen

is allowed to escape from the bomb, by somewhat slackening the

flange bolts in hb ; the escaping oxygen carries most of the nitrogen,

originally contained in the bomb, with it. Oxygen is then again

admitted and the pressure is allowed to reach 12 atmos., when the

supply is cut off, the screw-plug closed, and the bomb placed in the

calorimeter vessel, as shown in Fig. 115.

This consists of a covered metal vessel G, suspended in the vessel

H, at a distance of about 2 cm. from its walls ; G contains a litre

of water. K is a thermometer, reading to

Tw >
^^"i*^ N a stirrer. The stirrer consists

of a circular disc attached to a couple of rods

and worked by means of a string passing

through a ring, as shown in the figure.

Wires pass from the mercury contacts /

and k (Fig. 1 14), to a battery. When all

is in readiness, the apparatus is allowed to

stand until two successive readings of the

thermometer, taken at an interval of five

minutes, show that the temperature is con-

stant. The electric circuit is then completed,

and the ignition of the sample thus effected.

Stirring of the water is continued until the

temperature has attained a maximum and

begins to fall. The initial and final tempera-

tures are noted.

Kroecker ^ furnishes the upper portion of

the bomb with two passages, capable of being

absolutely closed. One is intended for the

introduction of the oxygen, the other is con-

tinued inside, to the bottom of the bomb, by
means of a platinum tube ; this latter is

intended for the removal of the gaseous products of combustion and

the condensed water, after the combustion is finished. Both openings

can be closed by plugs. In addition to these two passages is a third,

through which an insulated platinum wire is passed.

Of other modifications of the Berthelot bomb the following may be

mentioned :

—

Scheurer-Kestner and Meunier-Dollfus- use a platinum-lined steel

bomb. W. HempeF makes use of the Berthelot principle, and inserts a

platinum wire into the sample, for the purpose of electrical ignition.

1 Z. angtu: Chem., 1897, 10, 327 ; 1898, II, 865 ; 1901, 14, 444.
- Bull. Soc. hid. Mulhouse, 1891, 577. ^ Z. angew. Chem., 1892, $, 389 ; 1896, 9, 486.

Fig. 115.
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The. Mahler bomb ^ is a c}-linder of mild steel 8 mm. thick, and of

about 650 c.c. capacity ; it is nickel-plated on the outside and enamelled

inside, so as to withstand the corrosive and oxidising action of the

products of combustion. The shell narrows somewhat at the top, and

the cover, which carries the tray for the sample, is screwed on the

outside of this. The cover is provided with a lead ring, fitting into a

groove in the edge of the bomb. The gas is admitted through a

conical nickel-steel valve in tlie centre of the cover. The calorimeter

itself is of thin brass, and the amount of water employed is 2-2 kilos,

so that error due to evaporation is eliminated ; the correction for loss

of heat during" the experiment is almost negligible.

The Mahler-Donkin - bomb calorimeter is constructed of non-

corrosive metal, and is gold-plated inside.

Lunge -^ remarks that the Mahler bomb is costly, if one is to employ

all necessary appurtenances. Including the delicate thermometer,

stirrer, bomb, etc., the cost approaches £60, and accurate results can

only be expected if the apparatus is used in a special room, of constant

temperature. The use of highl\- compressed oxygen and the other

operations entailed in connection with all bomb apparatus require

considerable skill, so that the apparatus is, in his opinion, unsuitable for

inexperienced workers.'^ One of the chief drawbacks is the liability of

the enamel lining to injur}', such injur}- not being repairable.

Langbein ^ also points this out, and is in favour of lining the bomb with

platinum.

Holman and Williams'' replace the enamel lining of the Mahler

bomb, bv electroplating the inside with gold, and have also improved

the methods of making the apparatus tight.

The Mahler bomb has been successfully used by J. Pfeiffer,' for the

determination of sulphur in petroleum aixl other fuels, side bv side with

the estimation of the calorific value. From 2-0 to 2-5 g. are taken for

the determinations, and the combustion is effected under a pressure of

30 atmos. of oxygen ; the total sulphur remains in the bomb, after the

combustion, in the form of sulphuric acid, and is determined gravi-

metrically.

Parr's Calorimeter.— In this apparatus the sample is burnt with

sodium peroxide. A nickel-plated vessel A (Fig. 116), of about 2

litres capacit}', serves as the calorimeter. This is placed inside a

wooden vessel C, which itself stands in a similar vessel B. The two

air-spaces, a and /;, and the double cover G, containing an air-space g,

1 Cf. ilahler, Etudes sur les Combustibles, 1903 ; also, /. Soc. C/ieiii. hid., 1892, 11, 840.

-
Cf. Dowson and Larter, Producer Gas, ' Ibid., 1900, 13, 1235 ; 1901, 14. 1260.

p. 221. •*
Cf. Gill, Gas and Fuel Analysis, 1901,

'•' Z. aitgew. Ckein., 1901, 14, 794. p. 57.

^ Cf. ibid., 1898, II, S65. "' Bull. Soc. de Sciinle, 1900, 8, No. 6.
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K

\2?

MTT-TTTiia

Fig. 116.

and the wood material of the vessels, provide sufficiently for all practical

purposes, against loss of heat. The reaction vessel D (Fig. 1 17) consists

of a strong nickel-plated brass cylinder, the ends of which are firmly

screwed on, and provided with leather washers ; it has a capacity of

about 35 c.c. The base J rests on a conical support F, forming part of

the inner vessel E ; from the upper

end of D passes the tube H, which

extends right through the cover G,

and is provided with a pulley P.

A series of four small propeller

blades, JiJi, is attached by spring

clamps to D. D is rotated by

means of a water turbine, and by

employing a sufficiently high speed,

the water can be kept in circula-

tion through E in the direction of

the arrows ; a thorough mixing is

thus produced, and an even tem-

perature maintained. The blades //

are so fixed as to cau.se the current

to flow downwards next to the

cylinder D and upwards outside E,

when the rotation is right-handed. Inside the tube H (Fig. 117) is a

narrower tube L, notched on one side and continued downwards to a

conical valve K. By the action of a spiral spring M, connection

with the interior of D is cut off, unless the tube L is depressed by

pressure at N ; any escape of gases, during combustion, is thus pre-

vented. Ignition of the charge is brought about by dropping a

red-hot piece of iron wire into L, then sharply depressing N, when

the wire drops through K into D. A delicate thermometer, held in

position by a thick rubber ring and reaching about half-way down the

vessel A, is passed through a hole 8 to 9 mm. wide in the cover G.

The double vessel B C is placed on a firm table, within reach of the

necessary motive po\\'er. Two litres of water are poured into A before

it is placed into position, so as to avoid water being splashed into C
;

for if the outer side of A or the inner portion of C should be moist

this would ultimately produce an error in the results, owing to its

evaporation. The temperature of the water should be about 2' below

the temperature of the room. A is carefully set into C, and is then

ready to receive the reaction vessel D,

The latter is carefully dried internally and externally, which is best

done by gently warming on a sand-bath or hot-plate, the base J is

screwed on and tightened with a key. About 10 g. of sodium peroxide

(passed through a sieve of i mm. mesh) are then introduced. This

R
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reagent is best kept in a wide-mouthed stoppered bottle, along with a

small measuring vessel, supplied with the instrument ; the measuring

vessel, which holds lo g. of the reagent, is made of nickel-plated brass,

and is provided with a small handle.

After introducing the sodium peroxide into D, 0-5 to i g. of the

coal sample, together with any other necessar)' reagents, is put in, the

cover screwed on, and the whole well shaken, K being kept closed

b)' an upward pressure of the finger on N, otherwise a small quantity

of the mixture may be shaken into L. The vessel is then tapped, to

bring the whole of the mixture to the bottom, the working of K
tested to see that it acts smoothly, and the blades // clamped on

;

D is then placed inside A so that it rests on the conical peg at the

bottom.

Lunge ^ recommends the following method for carr)-ing out the

determination :

—

The coal to be tested is powdered, and should be passed through

a wire sieve of 0-3 mm. mesh ; in the case of hard coals and anthracite,

a more finely divided sample should be used, which may be obtained by

placing a piece of bolting cloth under the wire sieve. Lignite must be

previously dried, for about an hour, at a temperature of 105" to no";

exactly i g. of this substance is then weighed out and shaken into

the reaction vessel, previously charged with the 10 g. of sieved sodium

peroxide, after which the vessel is closed and shaken for one to two

minutes, as described above. Bituminous coals do not require previous

drying, unless the moisture exceeds 2 to 2h per cent. In the case of

coal, exactly 0-5 g. is weighed out, and to this is added exactly 0-5 g.

of finely powdered pure tartaric acid ; this mixture is then added to

the usual 10 g. of the peroxide. The addition of potassium per-

sulphate, which has been suggested as necessary for the combustion of

hard coals and anthracite, is regarded by Lunge and Grossmann - as

superfluous and as the source of discordant results.

The cover G having been placed in position, the pulley P is attached,

and the thermometer inserted in the cover, as shown in the figure.

The turbine is then set in motion so that the pulle}- revolves in the

direction of the hands of a watch. A speed of about 1 50 revolutions

per minute is kept up until the thermometer shows a constant tem-

perature, which takes about three minutes
; this temperature is noted,

and the motor is kept running at the same speed till the conclusion of

the experiment.

Ignition is effected by means of a piece of red-hot iron wire, 2-5

mm. in diameter and 10 mm. long; a piece of this size should weigh

about 0-4 g., and the same piece can be used a good many times before

1 Z. agnew. C/iem., 1901, I4, 794 and 1270 ; 1903, 16, 911 ; 1905, 18, 1249.

- /6ul, 1905, 18, 1249.
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its weight falls much below 0-4 g. Experience has shown that soft iron

is more suitable for the purpose than nickel, copper, silver, or platinum.

It does not melt, as the first three of these do, forming peroxides, but

it becomes covered, when first used, with a hard, black, adhesive coating

of the magnetic oxide, which protects it for a considerable time.

Using the above weight and at a temperature of, say 700', the heat

introduced by the iron amounts to 0-4 xo- 12 x 7CK)= 33-6 calories, cor-

responding to a temperature rise in the calorimeter, of o'-oi6. As the

readings are carried out to o*-005, a constant deduction, fixed at o'-oi5

is made. The wire, held pointing downwards with a pair of bent

tweezers, is heated to redness and dropped through N ; N is then

sharply depressed with the tweezers, so that the iron passes through

K, without permitting any escape of gas through L. A hissing noise,

lasting for several seconds, denotes the combustion of the charge,

and the thermometer rises, at first rapidly, then more slowly
; after

about four or five minutes the maximum temperature is attained, which

remains constant for about five minutes, when the reading is taken.

The experiment is then finished. The motor is stopped, the thermo-

meter, pulley, and cover are taken off, the vessel A, with contents, is

taken out bodily, and the agitators /i/i are removed from D, which is

taken to pieces and placed in a basin of warm water, so as to dissolve

out the contents. On neutralising the solution so obtained, with

hydrochloric acid, the presence of any unburnt fuel can be detected
;

should any be present, the results are worthless.

Calculation of results. The water value of the instrument was 123-5

g. ; including the water, therefore, the total value is 2123-5 g. Of the

heat t' — t produced,

—

f being the final and t the initial temperature of

the calorimeter,—72-5 per cent, is regarded as due to the combustion

proper, and 27-5 per cent, to the reaction of the products of combustion

with the sodium peroxide and oxide. When i g. of the fuel is burnt,

as is the case with lignite, the number of calories produced is thus

0-725 X 2123-5 {t'—i)=\^6fO{t'— t). It is simply necessary therefore to

subtract o°-oi5 from the recorded value, /'— /, on account of the heat

introduced by the iron wire, and to multiply by 1540; the result gives

the calorific power in centigrade units. With coal, only 0-5 g. is used,

so that the recorded temperature difference is multiplied by 1 540 x 2 =
3080. It is necessary first, however, to subtract the heating due to the

combustion of 0-5 g. of tartaric acid, and that due to the iron ; careful

experiments have shown this to be o°-832. If the sodium peroxide

contains an excessive amount of moisture, as may be the case if a

considerable quantity of peroxide is kept and frequently opened for use,

the results will come out too high. It is then necessary to make a blank

test, using 0-5 g. of tartaric acid, and about two-thirds of a measure
(about 7 g.) of sodium peroxide. If the calorimeter temperature rises
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more than 0-832, it will be necessary, in future use of this stock, to

take such extra rise into consideration, by allowing o •
1 5 for every

o^-i excess rise obtained in the blank experiment (o^-is being, of

course, the allowance for a full measure of 10 g. of peroxide).

Parr's method of determining calorific power is more convenient,

cheaper, and far simpler in manipulation, than any of the processes

involving the use of a bomb, but it has certain obvious defects. In the

first place, the combustion may be either too violent or incomplete, if the

proportion of added materials is not appropriately adjusted; secondly,

the heat generated by the absorption of the water and carbon dioxide,

formed in the combustion by the sodium peroxide, has to be determined

empirically for each instrument ; and thirdl\% the value of the coefficients

given above does not hold for all kinds of coal, and still less for other

fuels, such as lignite, petroleum, etc. These points have been specially

investigated by Lunge and Offerhaus,^ and by Lunge and Grossmann.-

The latter conclude that the method is unreliable for coals having a

calorific value less than 7500 cals. For coals having a higher calorific

value, the method is of practical value, under the conditions given above.

Both the coal and the sodium peroxide must be finely powdered and

intimately mixed, and the peroxide must be of good quality. The
heat value of the tartaric acid, together with that of the ignition wire,

to be subtracted from t' — t, should be o"-832, as given above, instead

of 0-85 previously accepted, and the coefficient should be 1540 as

stated, in place of 1550 as formerly used. The latter value holds, of

course, only for a calorimeter of the water value 2123-5 when charged.

Langbein ^ discards Parr's process as altogether unreliable, but this

conclusion is not justified.

Lewis Thompson's Calorimeter, in which the fuel is oxidised by

a mixture of potassium chlorate and nitre, is largely used for technical

work. The determinations can be made very rapidly, and although the

readings necessitate an empirical correction, the results are sufficiently

accurate for many practical purposes.

The apparatus (Fig. 118) consists of a narrow copper cylinder or

furnace B, a wider copper cylinder F, with small perforations round the

base, and provided with a long narrow tube terminating in a tap and

a glass calorimeter vessel A, graduated for a content of 2000 g. and of

29,010 grains. F is supported by the base C, in which it is held by the

springs E ; D is a socket to carry the furnace B.

The determination is made as follows :—2 g. of an average sample

of the fuel, finely ground and sieved, are thoroughly mixed with about 20

to 24 g. of a well-dried mixture of three parts of potassium chlorate and

one part of nitre ; this is shaken down into the furnace, previously

placed in the socket D, and ignited by a short fuse, consisting of a piece

1 Z, angew: Chem., 1903, 16, 91 1. - //;/(/., 1905, 18, 1249. ^' Nnd., 1903, 16, 1075.
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of ordinary wick soaked in potassium nitrate solution and subsequently-

dried, the end of the wick being embedded in the mixture. The cover

F is then immediately fixed over the furnace, with the tap closed and

the whole lifted and placed in A, previously charged with 2000 g. of

water. Combustion soon commences and proceeds rapidly : the gases

generated pass out through the holes in the base of the cover, and rise

through the water. When the combustion is ended, which should

occupy about two minutes, the tap on F is opened and the contents of

the furnace thoroughly mixed with the water, by using the cover as a

stirrer. The increase of temperature is read to within o -05. The
initial temperature of the water in A should be from 3 to 4° below

the temperature of the room.

As the result of experiment, it has been shown that the average

total of loss of heat in using the apparatus, due to that carried off by

the escaping gases, that taken up by the apparatus itself, and that

absorbed by the added salts and the products of combustion, is about

one-tenth of the total, and this empirical correction is added to the

observ'ed rise of temperature, in each determination.

By taking 30 grains of fuel and placing 29,010 grains of water in A,

the evaporative power, in British units, is obtained directly, if the

temperature change is measured in Fahrenheit degrees, since the latent

heat of vaporisation of water is 967 B.T.U. and 967 x 30 = 29,010 grains.

J. W'. Thomas ^ has given a considerable amount of information

regarding the capabilities of the Lewis Thompson calorimeter, and has

^ Chein. News iSSi. 34, 135.
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shown that the more bituminous a coal is, the better are the results ; lie

does not appear, however, to have estimated the unburnt coal, of which

there is frequently a considerable amount. W. Thomson^ has pointed

out most of the objections to the instrument. Scheurer-Kestner- has

compared it with a Favre and Silbermann's calorimeter, and states

that with 1 5 per cent, addition for losses, the results agree within a

maximum of 4 per cent.

W. Thomson's Calorimeter^ in some respects resembles the pre-

ceding, but combustion is carried out by means of oxygen, and the

escaping gases, during their passage through the water, are baffled by

a series of gauze rings. The addition of similar rings on the combustion

chamber of the Lewis Thompson apparatus is of distinct advantage

when using that apparatus.'^

An improved form of the Thomson calorimeter has been devised by

Gray,'' in which the gauze baffles are replaced by thin perforated brass

discs, and which is provided with an arrangement for the electrical

ignition of the coal.

Rosenhain'' has also modified the Thomson calorimeter in the

details of construction, to render it more accurate for technical work,

including its application to the calorimetry of volatile liquids.

Darling'' has described an easily made apparatus, similar in principle

to that of W. Thomson, but providing more intimate contact of the

products of combustion with the cooling water.

The comparative value of the results obtained by the Lewis

Thompson, the William Thomson, the Fischer, and the Mahler calor-

imeters, has been studied independently by Brame and Cowan,^ and by

Gray and Robertson.'-' These authors agree, that in order to obtain

accurate results, a bomb calorimeter should always be employed. The
only objection to its use is that of expense ; at the same time it is not

an instrument suited to the more expeditious requirements of chemical

or of engineering works. The results obtained with the other calor-

imeters specified are always too low, owing to the difficulty of effecting

complete combustion. Brame and Cowan state that the amount of

unburnt coal should always be determined, in using the Lewis

Thompson calorimeter ; it then gives fair comparative results for

bituminous coals. They found the calorific value from i-8 to 6-2 per

cent, lower than with the Mahler bomb ; Gray and Robertson obtained

1 /, Soc. Cheni. Imi., i886, 5, 5<Si.

- Bull. Soc. hid. Mulhouse, 1888, 506.

^ /. Soc. Cheni. hid., 1886, 5, 581.

* Brame and Cowan, ibid., 1903, 22, 1231.

•' Ibid., 1906, 25, 409.

'' P/iil. Mag., 1902 [iv.], 457 ;
/. Soc. C/ieni. hid., 1906, 25, 239.

' Eugin'eeying, 1902, 801
; J. So:. Chun, hid., 1902, 21, 927.

"/. Soc. Chem. hid., 1903, 22, 1230. ^ Ibid., 1904, 23, 704-
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results from 0-9 to 13-0 per cent lower. The results obtained by

Brame and Cowan with the Fischer calorimeter were from 2-6 to 5-7

per cent, lower than with the ]Mahler calorimeter ; the results were

concordant with the same coal. With the \V. Thomson calorimeter

the results were from i-8 to 6-9 per cent, lower than with the bomb;
the comparative values found by Gray and Robertson were from 07
to 2-9 per cent, lower.
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MANUFACTURE OF SULPHUROUS ACID,
NITRIC ACID, AND SULPHURIC ACID

By Professor G. Lunge ; translated by James T. Conroy, B.Sc, Ph.D.

SULPHUROUS ACID

Formerly sulphurous acid was produced almost entirely for con-

version into vitriol by the lead-chamber process ; to-day it is made
in considerable quantity in connection with the sulphite-cellulose

industry, and to a lesser extent for conversion into liquid sulphur

dioxide. On this account it is accorded separate treatment.

RAW MATERIALS

I. Sulphur (Native Sulphur)

Sicilian native sulphur is shipped in the form of blocks, each weigh-

ing from 28 to 30 kilos ; owing to the friable nature of the sulphur,

these blocks are usually shattered during transport into lumps of

varying size and to some extent to powder. The best quality ("firsts,"

"prima Lercara" or "prima Licata "), consists of large, shining pieces

of amber-yellow colour. The second quality ("seconds," " seconda

vantaggiata ") is also of a good }-ellow colour, but not quite so brilliant

in appearance. The bulk appears in commerce as a third quality

("thirds," "terza vantaggiata"); its colour is dull and not pure yellow.

Nevertheless the ash is frequently as low as i per cent., and seldom

exceeds 2 per cent. ; in exceptional cases it may rise to 4 per cent,

or more. The fourth grade is of a greyish-yellow colour, and may
contain up to 25 per cent, of earthy matter. " Zolfo ventilato " is

sulphur which has been ground, separated by an air blast, and sieved.

Commercial Sicilian sulphur contains only very small quantities of

volatile matter and of bitumen, and general!)' is free from, or contains

only traces of, arsenic and selenium. The sulphur from the Solfatara

at Naples, which Phipson found to contain 11-162 per cent, of arsenic

and 0-164 per cent, of selenium, is of no importance as a commercial

product.
204
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The degree of fineness of ground sulphur must be determined when
the sulphur is intended for application in vine culture to destroy the

grape-disease O'idium. This examination is effected by means of

Chancel's sulphurinieter, shown in Fig. 119. The sulphurimeter consists

of a cylindrical glass tube, 23 cm. long and 15 mm. diameter, sealed

below, fitted with a glass stopper above, and graduated from the bottom

upwards into 100 degrees. Each degree equals \ c.c. ; the 100 degrees

(25 c.c.) occupy a length of 100 mm. The ground sulphur is shaken

with ether in the tube, and allowed to settle, when it forms a layer the

height of which bears a relationship to the fineness of the grinding.

The sulphur to be examined is first passed through a sieve of i mm.
mesh, in order to break down the lumps formed during storage. Five

g. of the sieved sulphur are placed in the tube, which is

then half-filled with anhydrous ether as nearly as possible

at a temperature of 17°- 5. The sieved sulphur in the

tube is broken down still further by thorough shaking,

after which ether is added until the level stands i c.c.

over the looth division; the whole is again well shaken

and the tube then fixed in a vertical position. When the

sulphur layer has come to rest, its position on the scale

is read off; the reading gives the fineness in "Chancel

degrees." As a rule, ground sulphur shows 50' to 55 ,

finer qualities 70' to 75', Zolfo ventilato 90 to 95". For

use in viniculture, a minimum of 60" and frequently of

75" Chancel is demanded.

According to H. Fresenius and P. Beck,^ the dimen-

sions of the sulphurimeter are of importance and must be

exact ; they recommend the instrument made by J. Greiner,

Munich. This differs in its dimensions from the French ,, „,
Fig. 119.

instrument described above ; the length of the tube to

division 100 is 175 mm., the length of the straight portion between
10" and 100' is 154 mm., and the internal diameter 12-68 mm. The
ether employed should be distilled over sodium, and all disturbance

should be avoided after the shaking, the instrument being immediately
clamped in a stand and immersed in water at 17-5.

It may further be necessary to determine whether the fine sulphur

intended for vine-dusting is really flowers of sulphur, or whether it

consists of a mixture of ground sulphur with flowers of sulphur. This

is best done by microscopic examination, the ground sulphur being

distinguished by its cr)'stalline appearance from the partially amorphous
flowers of sulphur. The method is not, however, absolutely trustworthy,

since flowers of sulphur change in course of time almost completely into

the crystalline condition (Alpha sulphur). The partial insolubilit)' of

' Z. anal. C/ieni., I go;, 42, 2[.
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flowers of sulphur in carbon bisulphide may also be employed as a

qualitative test, but with old samples the percentage of insoluble sulphur

may occasionally be very slight. This reaction cannot be applied as

a quantitative method, since the ratio between soluble and insoluble

sulphur varies considerably even in freshly prepared flowers of sulphur.

Opinions differ very considerably as to whether crude sulphur

or flowers of sulphur is the more efficient in viniculture. H.
Fresenius and Beck recommend the former, maintaining that the

crystalline ground sulphur adheres more firmly to the leaves than does

the amorphous variety. In France, on the other hand, the latter form
is preferred, owing to its finer state of division, as compared with

the ground sulphur (which is frequently emplo}'ed on account of its

cheapness), and also because of the very active destructive action of

the adhering acid on the oidiuui.

The chemical examination of native sulphur includes the following

determinations :

—

1. Ash.—This is determined by burning off about lo g. of sulphur

in a tared porcelain crucible and weighing the residue.

2. Moisture.—In the case of lump sulphur this determination is

frequently unnecessary, but it should be made if adulteration by

spraying is suspected, or if the sulphur has been exposed to rain.

The estimation is, however, always misleading, owing, on the one hand,

to the difficulty of obtaining a genuine average sample, and on the

other hand to the loss of moisture which almost inevitably occurs in

breaking down the sample to suitable fineness for laboratory work.

The sample should not be crushed further than to a coarse powder, and

this should be done as speedily as possible. At least loo g. should

be taken for the estimation. In the case of ground sulphur, it is of

course much easier to obtain an average and more finely divided

sample. According to Fresenius and Beck, the drying operation

should only occupy a short time and the temperature should not

exceed 70°.

Difficulties in the moisture determination arising from the presence

of gypsum have been experienced by F. B. Carpenter ^ in the examina-

tion of Mexican sulphur. He consequently recommends making the

estimation by drying the sample in vacuo over sulphuric acid. A
portion of the sample is freed from gypsum by boiling with dilute

sulphuric acid, the residue dried and weighed, and the contained

sulphur estimated, either by burning-off or by solution in carbon

bisulphide (cf. ii/fra).

3. Bituminous substances.—Any appreciable quantity is evidenced

by the bad colour of the sulphur, but in most commercial sulphurs the

amount present is too small to render a determination necessary.

1 /. Soc. Che in. Iiid., 1 902, 21, 832.
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Sulphur recovered from gas residuals is, however, frequently quite

black from the presence of this impurity.

H. Fresenius and Beck drive off the sulphur by heating to slightly

over 200°, weigh the residue, ignite for ash and re-weigh, and regard

the difference between the two weighings as representing the organic

matter present.

4. Arsenic.—This impurity may occasionally occur in very minute

quantity in Sicilian sulphur, to a greater extent in the Solfatara

sulphur (see p. 264), and especially in sulphur recovered from pyrites or

from alkali-waste. The arsenic may be present either as arsenious

sulphide, AsoS., or as arsenious oxide, AsoOg ; exceptionally also as

calcium or iron arsenite. J. T. Conroy (private communication) finds

the sulphur recovered from alkali-waste by the Chance- Claus process

particularly free from arsenic ; tested by the Hager method, only very

minute and doubtful traces are indicated. Sulphur recovered from

pyrites does not show such freedom.

For a qualitative examination for arsenic, Hager's method ^ may be

employed. It is carried out by shaking i g. of sulphur with 15 drops

of ammonium hydroxide and 2 c.c. of water, filtering after half an hour,

and adding to the filtrate contained in a test-tube 30 drops of hydro-

chloric acid and 1 5 drops of a solution of oxalic acid. A strip of clean

brass is then placed in the solution and this is warmed to a temperature

of 60' to 100'
; in the presence of arsenic an iron-coloured to black film

forms immediately on the brass. A blank test should alwaj-s be made

with the reagents used, and to ensure uniformity of temperature it is

advantageous to heat the two test-tubes side by side, in a beaker of

water.

Sulphide and oxide of arsenic may be extracted by digesting the

sulphur with dilute ammonia at 70' to 80' ; they remain behind on

evaporating the ammoniacal extract. It is better, however, to add excess

of hydrochloric acid to the ammoniacal extract and then precipitate by

saturation with sulphuretted h}-drogen ; any arsenic originally present

as AsoSo naturally comes down before passing in the gas. The arsenic

present is best estimated b>' Schappi's method,- which consists in

exactly neutralising the ammoniacal solution with nitric acid, diluting,

and then titrating with Xjio silver nitrate solution, using as indicator

neutral potassium chromate, which is coloured brown by a drop of the

solution after all the arsenic has been precipitated.

The salts of arsenious acid remain in the insoluble residue on

extracting sulphur with carbon bisulphide ; this residue must be

digested with aqua regia and examined for arsenic in the usual manner,

as is described more fully under " Sulphuric Acid."

5. Selenium may be detected by oxidising the sulphur, best b}-

' P/iarm. Ce/iir., 1884, 265 and 443. - C/uiii. Ind., 1 88 1, 4, 409.
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deflagrating with nitre ; on dissolving the melt in hydrochloric acid and
treating with sulphurous acid, selenium will, if present, be precipitated as

a red powder.

In America, according to Reed,i the examination for selenium is

carried out as follows :—0-5 g. of the sulphur is boiled with a solution of

0-5 g. potassium cyanide in 5 c.c. of water, the solution filtered, and the
filtrate acidified with hydrochloric acid ; after standing for an hour no
red coloration due to selenium should result. A pale yellow coloration,

due to perthiocyanic acid, may be neglected. The test is made still

more sensitive by boiling i g. of the sulphur for an hour with a solution
of 2 g. of potassium cyanide, then adding a further 0-5 g. potassium
cyanide and continuing the boiling for half an hour. Any iron present
will, of course, react with the thiocyanate formed.

6. Determination of Sulphur.—Macagno - recommends the direct

method of extraction with carbon bisulphide, and has calculated a table

for this purpose. The method has been recently investigated by
Pfeiffer 3 and the specific gravities involved determined with considerable
exactitude. To estimate sulphur by this process, a weighed quantity
of the powdered sample is shaken in a well-stoppered bottle with at least

four times its weight of pure carbon bisulphide, accurately weighed, and
the specific gravity of a clear sample determined at a known tempera-
ture (-f 15° C. and higher).

The specific gravity thus determined is if necessary reduced to that

at 15 C. by means of the formula :

Specific gravity at i r = spec. grav. at f x Jj^^^+'^^-+ • '„

I +(7 X 15 +/^ X 15"-'

where <'Z = o-ooi 1398 and /; = 0-000001370.
The percentage of pure sulphur in the sample examined is deduced

from the formula :

/o ^ - -^,
where

—

^? = the weight of sulphur dissolved by 100 g. carbon bisulphide, accord-

ing to the following table,

/^ = the weight of carbon bisulphide used in the extraction,

f=the weight of substance.

For an approximate estimation, Marcilli ^ places 5 g. of the sample
in a Chancel tube (Fig. 119, p. 265), fills the tube with carbon bi-

sulphide, and, after inserting the stopper, shakes well and allows to

settle
;
the volume of the undissolved portion is then read off.

Ceruti^ uses aniline warmed to 75 as a solvent.

' Cluni. Zeit. Rep., 1897, 21, 252. - Chem. Neivs, i88r, 43, 192.

^ Z. anoyg. Chem., 1897, 15, 194; ulio, P. Fuchs, Z. angew. Chem., 1898, II, 1189.
•* Z. angew. Chem., 1906, 19, 99.

s Chem. Cenir., 1904, II., 615.
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Specific gravities of solutions of Sulphur in Carbon Bisulphide

with the corresponding weights of Sulphur dissolved by lOO

parts by weight of pure Carbon Bisulphide at 15 C, compared
with Water at 4' C.

Specific
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minimum of 88 per cent. ; in one case, however, onh' 68 per cent, was
dissolved.

According to Domergue.^ only those products should be classed as

"flowers of sulphur" which, when fresh, contain at least 33 per cent,

insoluble in carbon bisulphide.

II. SuLriiuR FROM Gas Residuals

The spent purifying materials from gasworks frequently contain

over 50 per cent, of free sulphur.- They are first freed from ammonium
salts by extraction with water, and then subjected to a special treat-

ment for the recovery of cyanogen compounds. The residue remaining

after this treatment forms a valuable raw material for the production

of sulphurous acid. It consists essentially of free sulphur and oxide

of iron admixed with sawdust, tarry substances, etc., and may also

contain varying quantities of lime, etc. Any lime present will, on
burning, fix part of the sulphur, and on this account a method of

analysis is adopted which takes account of available sulphur only.^

The spent oxide is burnt by the aid of platinised asbestos, the resulting

gases are passed into a solution of potassium hydroxide and potassium

hypobromite, and the sulphuric acid contained in the resulting solution

estimated by precipitation with barium chloride.

The burning is effected in a combustion tube, 60 cm. in length

(Fig. 120), narrowed at a, and drawn out at one end into a downwardly

Fig. 120.

directed and not too thin narrower piece 10 cm. long. A layer of

platinised asbestos, 20 to 25 cm. long, is placed between a and b, and

7 to 10 cm. behind this a porcelain boat containing about 0-4 g. of the

sulphur. The free end of the tube is connected at k with a gasholder

containing oxygen. Two 14 cm. high bulb U -tubes c and d and the

tube e, filled with glass wool, are employed for absorbing the evolved

gases. They are charged with a solution prepared by dissolving 180 g.

of potassium hydroxide (purified from sulphate by alcohol) in water,

1 Chem. Zeit. J?ep., 1905, 29, 19.

2 The examination of these residuals for their more important constituents will be described

in the section on Gas Manufacture, Vol. II.

^ Zulkowsky, Ding/. f>olyt. /., 1881, 241, 52.
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adding to this lOO g. of bromine drop by drop, cooling as required,

and diluting to i litre ; thirty c.c. of this solution are sufficient for

the estimation of 0-5 g. sulphur. The glass wool in the tube e should

also be moistened with the solution.

A current of moist oxygen is passed through the tube, and the

portion between a and d heated to redness ; the boat is then pushed in

and the heating extended from right to left, until finall\- the tube is

heated to the point /. The current of gas must be much stronger

than that emplo\-ed in ordinary organic combustions, in order to

prevent sulphur from passing away unburnt ; on the other hand, it

must not be so strong that the sulphur dioxide escapes unabsorbed.

Any deposit formed at // must be driven forward by means of a Bunsen
burner ; the combustion is complete when such deposit ceases to form,

and this is usually the case after one hour. The absorbing vessels are

then removed, emptied, and washed out ; an}- sulphuric acid remaining

in the tube at /i is recovered by repeatedly drawing up water by suction

applied at X\ The solutions and washings are combined, h}-drochloric

acid added in sufficient excess to neutralise the alkali and decompose

the hypobromite, the whole heated and if necessary concentrated, and

the sulphuric acid precipitated as barium sulphate b}- addition of a hot

solution of barium chloride.

This method is also applicable to the determination of available

sulphur in pyrites ; in this case the platinised asbestos is omitted, and

the combustion tube, drawn out and bent round as above, need not be

more than 40 cm. long.

Hydrogen peroxide may be used with advantage instead of potassium

hypobromite solution, titration of the sulphuric acid by standard

alkali being in this case substituted for the gravimetric determination.

Allowance must, of course, be made for any acidity in the hydrogen

peroxide employed. This modification is much more rapid than

Zulkowsky's method, and does away with the necessity of employing

absolutely sulphate-free potassium hydroxide. The reaction is simple

:

H,Oo+ SO,= H,SO,.

Similar methods, generally intended for the estimation of available

sulphur in pyrites, have frequently been recommended ; these are

described below.

The estimation of the sulphur by oxidation with hydrogen per-

oxide always gives too high results, and some tar is also dissolved.

Pfeiffer ^ burns i g. of the sample in a bottle filled \\ith oxygen, on

the bottom of which a solution of sodium hydroxide is placed. The
solution is finally oxidised with i c.c. of 30 per cent, neutral hydrogen

peroxide, and titrated.

1 /. Gasbeleucht, 1905, 48, 977 ; Chem. Centr., 1905. II., 1831.
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III. Pyrites ^ (and other Metallic Sulphides)

Pyrites is generally received in sealed duplicate samples of 200

to 300 g., the average sample being prepared according to the rules

given on p. 9.

The most important estimation for the acid manufacturer is

naturally the determination of the sulphur content. In addition to

this, moisture, less frequently copper, arsenic, zinc, and carbonates are

determined. The complete analysis of pyrites is very seldom under-

taken, generally only in examining the first consignments of this raw

material.

1. Moisture.—The coarsely ground sample is dried at 105°, until

the weight becomes constant For the following tests, the finely

divided average sample preserved in a well-sealed bottle, not the dried

sample, is employed.

The analytical results are calculated on the dry pyrites, for which

reason a special moisture determination in the average sample is

necessary.

2. Sulphur.— It must be decided whether the total sulphur, or that

rendered soluble by aqua regia, or finally that recoverable by heating

in a current of air, is to be determined. Sulphur present as heavy spar

or galena would be included in the first case, which is useless for

the production of sulphurous acid. For this reason and also because

of its greater rapidity, and the avoidance of the fusion, which strongly

attacks the platinum crucible, the wet method, as recommended by

Lunge,- is almost universally used. By publication in the Alkali

Makers' Handbook the method has attained the rank of a standard

process, and is generally employed in buying and selling.

The third group of methods in which the available sulphur is

estimated has been dealt with under " Gas Residuals " (p. 270) ; it is

not as a rule employed for pyrites.

As a preliminary to any method of determination it is essential to

reduce the sample to a very fine powder, first in a steel mortar and

finally in an agate mortar. A porcelain or Wedgwood mortar should

not be used, as they yield quite appreciable quantities of foreign matter

to the sample. The complete sample is then sifted through very

fine silk gauze, without elimination of any residue.

Lunge's method for the wet extraction of pyrites is as follows :—0-5

g. of the pyrites is treated with about 10 c.c. of a mixture of 3 volumes

nitric acid of 1-4 sp. gr. and i volume strong hydrochloric acid (both

acids must be tested for complete freedom from sulphuric acid), with

occasional heating, and care being taken to avoid spurting {cf. p. 22).

1 Cf. G. Lunge, Sulphuric Acid and Alkali^ 3rd edition, 1903, p. 34.

- Z. anal. Chem., 1 881, 20, 419 ; and, Z. angew. Chem., 1889, 2, 473.
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In exceptional cases some free sulphur may separate; if so, it may
be oxidised by the cautious addition of potassium chlorate. The
mixture is evaporated to dryness on the water-bath and this evaporation

is repeated after the addition of 5 c.c. of hydrochloric acid, after which
nitrous fumes should cease to be evolved. A further i c.c. of concen-

trated hydrochloric acid is added to the residue on the water-bath,

and after a few minutes 100 c.c. of hot water are added, the whole
filtered through a small filter paper and the insoluble matter washed
with hot water.^ The residue may be dried, ignited, and weighed. It

may contain in addition to silica and silicates, barium, lead, and
occasionally calcium sulphate, the sulphuric acid of which being
absolutely non-available is purposely neglected. If the residue is not

to be estimated, the filtration may be neglected and the precipitation

with ammonia proceeded with as soon as all the nitric acid has been
driven off.

To remove the iron, the filtrate and washings are treated with

ammonia in not too large excess and heated to 60^ to 70"^ for ten to

fifteen minutes, but the solution should not be heated to boiling ; it

should still smell strongly of ammonia, otherwise the precipitate may
contain basic ferric sulphate.

According to Treadwell,- the separation of basic ferric sulphate and
consequent retention of sulphuric acid during washing need not be feared

if the solution is supersaturated with ammonia in the cold, instead of

as described above, arid then heated almost to boiling with constant

stirring. The separated ferric hydroxide is filtered off and washed. The
operation may be carried out in shorter time (one-half to one hour) by
observing the following precautions :— i. Filtering hot and washing on the

filter with hot water, taking care to avoid channels by thoroughly disturb-

ing the whole precipitate with each washing. 2. Using a sufficiently dense

but rapid filtering paper. 3. Employing a correctly made funnel with

an angle of 60^, the tube of which fills completely with the filtrate.

The washing is continued until about i c.c. of the washings yields

no turbidity with barium chloride after standing several minutes. In

doubtful cases it is advisable to prove the complete absence of basic

sulphate by fusing the dried ferric hydroxide precipitate with pure sodium
carbonate and examining the aqueous extract of the melt for sulphuric

acid.

Hundreds of check tests, carried out in the manner described, have

shown (Lunge) that by observing the above precautions even novices

almost always obtain a ferric hydroxide free from sulphuric acid, and
that with experienced workers this is always the case. Kiister and

1 Cf. Dennstedt and Hassler, Z. angetc. C/iein., 1905, 18, 1 1 37 and IS62; also, G. Lunge,
i/nii., 1905, 18, 1656.

- Analylical Chemistry^ vol. ii., p. 282.

s
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Thiel,^ who incorrectly assume that the ferric hydroxide cannot be

completely freed from sulphuric acid by washing, recom.mend as an

alternative method to precipitate with barium chloride without previous

removal of the ferric h)'droxide but to subsequently remove this by pro-

longed digestion with hydrochloric acid, or to add a considerable amount
of ammonium oxalate so as to altogether prevent the precipitation of the

iron. Both methods occupy much more time than that described above

and are in no way more exact.

-

The combined filtrate and washings should not exceed 300 c.c. ; if

they do they must be concentrated by evaporation. The solution is

acidified with pure hydrochloric acid, avoiding any considerable excess,

heated to distinct boiling, and after removal of the flame a solution of

barium chloride, also at the boiling temperature, added all at once

with constant stirring. By adding the hot berium chloride solution

all at once to the solution to be precipitated, instead of drop by drop,

an error is introduced owing to the absorption of some barium chloride

by the barium sulphate, but this just compensates the loss caused by

the solubility of the barium sulphate in the solution, and the error due

to the unavoidable co-precipitation of double sulphates of barium and

ammonium. The presence of copper introduces no error in the de-

termination ; zinc if present in small quantities has also no effect, but

if present in larger proportions, as in the analysis of blende, the error

is greater, owing to the solubility of barium sulphate in the ammonium
salts necessary to keep the zinc in solution. This error is, however,

also compensated, as stated above, b}- adding the barium chloride

solution all at once." Twenty c.c. of a 10 per cent, barium chloride

solution diluted with 100 c.c. of water, will suffice for h g. of pyrites.

A larger excess of barium chloride is to be avoided, or the results will

come out too high. The whole is allowed to stand for forty minutes

after precipitating, b\- which time the filtrate should have cleared com-

pletely and be ready for further treatment without the necessity of first

waiting several hours, as in the method previously described. The
clear liquid is decanted as completely as possible through a filter, 100

c.c. of boiling water poured on to the precipitate and the whole stirred
;

after two to three minutes the solution should have cleared again and

be ready for a further decantation. The washing by decantation is

repeated three or four times until the liquid ceases to show an acid

reaction ; the precipitate is then washed on the filter, dried and ignited.

It should be perfectly white and should not cake. The filter paper,

after separating the precipitate, is either burnt in a platinum spiral, or

1 Z. a/torg. Chem.^ 1899, 19, 97 ; I900, 22, 424.

- Cf. Lunge, Z. anorg. Cheni., 1899, 19, 454 ; llerling, Z. augew. Cheiii., 1S99, 12, 274 ; also,

Chem. Zeit., 1899, 23, 768.

° Lunge and Siierlin, Z. aiigew. C/iem., 1905, 18, 1921.
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the filter paper and precipitate are burnt wet in the crucible. In the

latter case it is necessary to convert the resulting barium sulphide into

sulphate, by gentle ignition with the crucible in a slanting position.

One part BaSO_^ is = 0-1373 parts of sulphur.

With practice, the total volume of solution to be precipitated with

barium chloride will not exceed 300 c.c, so that evaporation, before

precipitating, should not be necessar}-. If it is unavoidable it must be

carried out on the water-bath, or in such manner that any sulphurous

combustion products are kept away from the solution, e.^: b}' heating

on an asbestos or aluminium plate.

Other methods for removing the iron are described by Heidenreich^

by Herting and Lehnhardt,- and by Gyzander.-^

The previous precipitation of the iron is necessary, since, if present,

it gives rise to the formation of a double sulphate of iron and barium

in the barium precipitate, which double sulphate loses part of its sul-

phuric acid on ignition."* The resulting error may, according to Lunge,

reach a maximum of -i per cent, in the case of pyrites (this result

differing from that of Thiel, who lost up to 7 per cent.) ; it is, however^

avoided by precipitating the iron as described on p. 273.

The injurious effect of a large excess of barium chloride, owing to

absorption by the barium sulphate precipitate, has long been known,

and Lunge has drawn special attention to this point. Richards and

Parker ° have carefully investigated the subject, but the methods of

purification suggested by them, in addition to being extremeh' trouble-

some, fail in their purpose unless the solubility of barium sulphate in the

solution for precipitation be taken into account. Richards states that

under ordinary conditions the two errors exactly compensate each

other, and a result very near the truth ma}' consequentl}' be expected

if the details given above are carefully followed.

Such methods as solution of the pyrites in fuming nitric acid, or

in hydrochloric acid and potassium chlorate or sodium chlorate,*" or in

hydrochloric acid saturated with bromine, are less satisfactory than that

described above, owing to the liability to separation of sulphur.

Of the dry methods of analysis, that of Fresenius,'' though some-

what tedious, is probably the most exact. 0-5 g. of pyrites is fused with

10 g. of a mixture composed of two parts of sodium carbonate and one

part of potassium nitrate, the melt is extracted with water, and after

precipitation of the lead by a slow current of carbonic anh}'dride, the

1 Z. anorg. Chem., 1899, 20, 233. - Ckeiit. Zeit., 1899, 23, 768.

* Chem. News, 1906, 93, 213.
• C/^ Jann:isch and Richards,/. /r(Z>{/. LIum. 1889,39, 321 ; also, correction by these authors in

consequence of communication from Lunge, ibid., 1889, 40, 236. See also Lunge, Z. aiigew. C/iem.,

18S9, 12, 473-
•' Z. anorg. Chem., 1895, 8 413. •• Noaillon, Z. angcw. C/ieiii., 1897, 10, 351.

' Z. anal. Chem., 1877, 16, 335.
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solution is boiled with sodium carbonate solution, filtered, and washed

with hot water. The combined filtrate and washings are acidified with

hydrochloric acid, evaporated several times with additions of hydro-

chloric acid to remove the nitric acid, the residue taken up with dilute

hydrochloric acid and precipitated by barium chloride, the barium

sulphate precipitate after ignition being finally purified by boiling with

hydrochloric acid. This is a lengthy process, and has been replaced

by Lunge's method even in Fresenius' laboratory.

Other dry methods are generally restricted to the determination of

sulphur in burnt ore (see p. 294), to a preliminary testing of iron p}Tites,

or to the anal)'sis of some special p}-rites for which the wet method is

less suitable. The wet method is always the best for pyrites, which, like

the Spanish, contain only about 4 per cent, of copper. The method

used in Freiberg is to heat i g. of pow^dered pyrites to a red heat in a

muffle furnace with 2 g. of sodium carbonate and 2 g. of potassium

nitrate ; the melt is extracted with hot water, filtered into excess of

hydrochloric acid, and titrated with barium chloride solution by Wilden-

stein's method (cf infra). According to M. Liebig,^ twenty to tw^enty-four

such tests can easily be performed in six to eight hours. Bockmann
heats 0-5 g. pyrites with 25 g. of a mixture of six parts sodium carbonate

and one part potassium chlorate gradually until fusion has occurred

and oxygen ceases to be evolved, then extracts and precipitates with

barium chloride {cf. p. 295). According to Treadwell, this method gives

the same results as that of Fresenius ; its use is practically confined to

the estimation of the sulphur content of pyrites cinders {cf. p. 294).

The best dry methods of treatment appear to be those in which

sodium peroxide is emplo}-ed, as, for example, those recommended by

Hempel and by Hohnel and Glaser."- List -^ recommends the following

simplification of a method proposed by Fournier :—0-5 g. of the finely

divided pyrites (or burnt ore) is intimately mixed with 5 to 6 g.

of powdered sodium peroxide in a wrought-iron crucible, which is then

covered and gently heated in a Bunsen flame. Reaction quickly sets in

and is complete in one minute. As soon as the mass is fused the flame is

removed and the crucible plunged into 150 to 200 c.c. of warm water, in

which the melt quickly dissolves. The contents of the crucible are

washed out and the solution approximately neutralised with 10 c.c.

concentrated hydrochloric acid, filtered from the insoluble ferric

hydroxide, which is washed as recommended on p. 273, and the

barium sulphate precipitated as there described. List states that in

absence of sulphate of lead or of alkaline earth metals, the results agree

with those obtained by Lunge's wet method. The iron crucibles are

cheap and will stand fifty fusions.

^ Post, Cliemisch.-technische Analyse^ 2nd edition, vol. i., p. 677.

- Chein. Zeil., 1894, 18, 1448. " Z. angew. Chan., 1903, 16, 414.
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Clark ^ heats with sodium bicarbonate and magnesia, and estimates

the resulting sulphuric acid gravimetricalh'. Fahlberg and lies- fuse

with a large excess of potassium h\"droxide in a silver crucible.

Of methods intended for the estimation of available s/i/p/i/ir, that is,

of such sulphur as is converted into sulphur dioxide on roasting, that of

Zulkowsky has been described under Gas Residuals (p. 270). Similar

methods have been previousl}- described by Mixter,"' Briigelmann,^ and

Sauer ;
^ more recently b}' Jannasch.'^ These methods have not been

adopted in general practice for the examination of iron p}'rites ; they

are, however, useful in the case of mixed pyrites and the like.

Other methods depend on the reduction of the FeS., to FeS, which is

then decomposed by h}-drochloric acid, the sulphuretted h}-drogen so

evolved being passed into iodine solution and estimated by titrating

back the excess of the latter. Such methods have been described b\'

Grager,'' Treadwell,^ and Eliasberg,^ but none have found much accept-

ance in practice.

The sulphuric acid formed in all the foregoing instances is estimated,

in all exact work, by precipitation with barium chloride, as described on

p. 274.

Silberberger ^'^ has proposed to replace barium chloride in the gravi-

metric method by precipitating the sulphuric acid in alcoholic solution

with strontium chloride. This suggestion has been opposed by Lunge,^^

and the method has been rejected by the Analysis Committee of the

International Congress of Applied Chemistry.^-

Numerous proposals have been made to shorten the determination

of fixed sulphuric acid by employing a volumetric method. Such
methods, however, in spite of the contrary view of Teschmacher and

Smith,^-' do not possess the exactness of the gravimetric determination,

and further, the saving of time, unless many determinations are made
simultaneousl)-, is not considerable. At the same time it is to be borne

in mind that the gravimetric determination of sulphuric acid as barium

sulphate is by no means one of the most exact analytical operations, and
may, in spite of all precautions, give an error amounting to tt^ of the

whole, or man}- times that involved in the estimation of chlorine as silver

chloride.

The more important volumetric methods for the estimation of fixed

sulphuric acid are appended, although, as stated, they are not

sufficiently accurate to justif)- their use in the case of pyrites.

1 /. Soc. Chetn. Iiid., 1885, 4, 329 and 724. * Ber.^ 1891, 24, 1937 ; 1892, 25, 2377.
2 Ber., 1878, II, 1187. 9 Z. anal. Cheiii., 1889, 28, 240.
' Amer. Chem.J., 1880-81, 2, 396. ^^ Bet:, 1903, 36, 2755, 4259.
* Z. anal. Chem.^ 1873, 12, 32. " Ber.^ 1903, 36, 3387. Z. angew. C/iem.,

5 Ihid., 1876, 15, 175. 1904, 17, 913, 949 ; 1905, 18, 449.
^ J.prakt. Chem.f 1889, 40, 239 ; 1890, 41, 566. '- Report, 1906, p. 344.
'i Ditigl. pofyt. /., 1883, 248, 53.

^-^ C/iem.IVews, 1871, 24, 61, 66, and 140.
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Wildenstein ^ titrates with a normal solution of barium chloride, and

determines the end-point by testing a small filtered sample as follows :

—

The solution is place<l in an inverted bell-jar A (Fig. 121), through the

neck of which passes a bent tube /;, which is closed below

by a spring clip .c and ends above in a funnel f bent

downwards, which is closed with two thicknesses of

filter paper covered and held in position with muslin.

The level of acidified solution must extend above the

funnel. The barium chloride solution is run into this

with good stirring, and after each addition a filtered

sample is withdrawn by first allowing several c.c. to flow

through / and pouring them back into A, and then

drawing a further sample and testing this with a drop

of barium chloride solution. If a precipitate results, the

sample is poured back into A, more barium chloride

added, and a further test made. Should the end-point

be overstepped, a few c.c. of normal sulphuric acid are added to the

solution and the testing completed, the volume of acid added being

subtracted from the volume of barium chloride used

Wilsing- exactly neutralises the sulphate solution, using phcnol-

phthalein as indicator, heats to boiling in a porcelain dish, and adds

a measured quantity of a 4 per cent, barium chloride solution together

with phenolphthalein, and then titrates with a 2 per cent, solution

of sodium carbonate until the red coloration is obtained. The volume

of carbonate solution required gives the excess of barium chloride

added.

Similar methods have been described by Carl Mohr,-' Knopfler,*

Monhaupt,5 Blacher and Koerber,'' and others.

Andrews' precipitates the sulphuric acid by adding excess of a

hydrochloric acid solution of barium chromate to the boiling solution

of the sulphate; the excess of the precipitating reagent is removed by

addition of ammonia or of calcium carbonate to the boiling solution,

the whole filtered, and washed with hot water. The filtrate, which

contains alkali chromate corresponding to the sulphate originally

present, is cooled, concentrated hydrochloric acid added, followed by

potassium iodide, and the liberated iodine titrated with sodium thio-

sulphate. According to Reuter,^ only 5 c.c. of concentrated hydro-

chloric acid should be added, the whole washed for five minutes after

the addition of the potassium iodide, the beaker being kept covered

and a current of carbon dioxide passed over the surface of the solution.

1 Z. anal. Chein., 1862, I, 432. - Chem. Ind., i885, 9, 25.

^ Cf. Mohr-Classen, Lehrhuch der Chem. aimlyt. Titrirmethoden, 7th edition, 1896, pp. 1 50-154.

^ Annalen, 1885, 230, 260. ^ Chem. Ceiitr., 1905, I., 296. « Ihid., 1905, II., 511.

" Chem. Zeit. Rep., 1889, 13, 39. * Chem. Zeit., 1898, 22, 337.
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(The analytical results given in the paper do not show an}' ver\' high
degree of accuracy.)

Marboutin and Moulinic^ describe a similar method in which
equivalent solutions of barium chloride and of potassium chromate
are employed. The sulphuric acid is precipitated in acid solution

by barium chloride, and the excess of this reagent precipitated by
addition of potassium chromate; the excess of the latter is then
determined by iodine or by arsenious acid. An almost identical

method is recommended by Telle."- He employs (i) a solution con-
taining I2-07 g. BaCU2H,(2H,0)0 per litre ( = 4 g. SO3)

; (2) a solution

of potassium bichromate equivalent to this, and containing 7-3635 g,

per litre
; (3) a solution containing 38 g. sodium thiosulphate per litre

;

and (4) a 10 per cent, solution of potassium iodide. The thiosulphate
equivalent of the bichromate solution is obtained bv treatino- 10 c.c.

of solution No. 2 with 5 c.c. of solution No. 4, and titrating- the
liberated iodine with solution No. 3 after addition of distilled water
and excess of hydrochloric

. acid. One molecule of potassium bi-

chromate (294-54) liberates six molecules of iodine, and thus corre-

sponds to 6x248-3 of thiosulphate, or 2x244-37 of BaCl.,, 2H.,0,
according to the equation :

—

2BaCU + K.CrP- + 2NH3 + H.O = 2BaCrO, + 2KCI + 2NH,C1.

Grossmann-' decomposes the neutral solution of the sulphate with
barium hydroxide, filters off one-half, precipitates the excess of baryta
with carbon dioxide, boils, cools, dilutes to 500 c.c, and titrates one-
half of the clear solution with normal acid. Employing the -V
equivalent of sodium sulphate = 3-554 g., the percentage content in

Na.,SO^ is equal to eight times the number of c.c. of normal hydro-
chloric acid required ; a correction of 0-4 per cent, must be made for

the volume occupied by the barium precipitate. Finally, there also

remains a constant loss of 1-3 per cent, the cause of which has not
been determined, but which must nevertheless be allowed for; this

renders the process useless for exact determinations.

Nikaido* precipitates the sulphate in alcoholic solution by addition

of Njio lead nitrate solution, using potassium iodide as indicator. The
method is only applicable in special cases.

Riegler^ precipitates the sulphate with a known quantity of barium
chloride, treats with iodic acid, filters off the barium iodate, and arrives

at the quantity of barium used by measuring, in the nitrometer, the

nitrogen evolved on addition of hydrazine sulphate.

Recently, methods first proposed by Vaubel,'' and based on the use

' Chem. Centr., 1898, I., 218. « /. Amer. Chem. Soc, 1902, 24, 774.
2 /67W., 793. 5 ^ a)ia/. Chem., 1902, 41, 17.

3 Chem. News, 1880, 41, 114 ;
Ber., 1880, 13, 824. « Ibid., 1896, 35, 821.
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of benzidine, have attracted attention. \V. A. Miiller^ has found that

fixed sulphuric acid can be quantitatively precipitated by benzidine

hydrochloride when the latter is present in sufficient excess, and that

such excess can be directly determined by titration with alkali. This
is due to benzidine being such a very weak base, that the hydrochloride

is sufficiently dissociated hydrolytically in solution to behave like free

hydrochloric acid towards phenolphthalein. The decomposition corre-

sponds to the equation :

—

R^SO^ + Ci2H,,N,.2HCl = 2RCI + Ci,Hi,N,.H,SO,.

The solution of benzidine hydrochloride employed contains about

30 g. per litre, and is standardised against barium or sodium hydroxide
by means of normal acid, using phenolphthalein as indicator. (This

indicator should be avoided. Cf. p. 97.) The decomposition must be

carried out in warm solution, since in the cold the separated sulphate

carries down some of the hydrochloride. The heating is done in a 250
c.c. flask on the water-bath, and the solution maintained hot for some
minutes ; in the presence of volatile acids the flask should be stoppered.

The solution is rapidly cooled and made up to a definite volume,

filtered through a dry filter paper, and the excess of hydrochloride

determined by titrating an aliquot portion with standard alkali and
phenolphthalein.-

Raschig^ has modified this method as follows. Forty g. of benzidine

are ground up with 40 c.c. of water, washed with about 750 c.c. of water

into a litre flask, 50 c.c. of concentrated hydrochloric acid added, and then

water to the graduation mark. On shaking, the whole or the greater

part dissolves to a brown solution, which is filtered if necessary, and
then diluted to twenty times its volume. One hundred and fifty c.c. of

this weak solution are used to precipitate o-i g. sulphuric acid. The
sulphate solution to be examined is allowed to flow, with continual

stirring, into the benzidine solution, and the benzidine sulphate which

rapidly separates is filtered off at the pump. A 200 c.c. funnel, fitted

with a Witt's filter plate, is used for the filtration. The plate, which is

of 40 mm. upper diameter, is covered by two moistened filter papers

of 46 mm. diameter, the extending edges of which are, after appl}ang

the suction, pressed by means of a sharp-angled glass rod to form a

circular pad, and so make the filter perfectly tight. Any precipitate

adhering to the walls of the beaker or other vessel used for the

precipitation is washed off with a portion of the clear filtrate,

and as the last drop of mother liquor drains off from the filter, the

precipitate is washed twice successively with from 5 to 10 c.c. of water.

1 Ber., 1902, 35, 1587.

- Cf. also, Miiller and Diirkes, Z, anal. C/iem., 1903, 42, 477 ; Miiller, Z. angew. Cheni., 1903,

16, 1017.

" Z.aiigew, C/iein., 1903, 16, 617 and 818.
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By thus washing with a minimum quantity of water, the objection

raised by W. A. Miiller and others to the method on the grounds of

the sokibiHty of benzidine sulphate in the wash-water, is overcome.

The funnel is removed from the filter-flask, placed on a watch-glass

of 50 to 60 mm. diameter, inverted, the filter-plate and precipitate trans-

ferred to the watch-glass by the aid of a glass rod, the filter-plate

removed, the filter pressed together in the fingers and dropped into

an Erlenmeyer flask of 250 c.c. capacity and 30 mm. wide at the neck.

The watch-glass and funnel are washed with not more than 25 c.c.

of water, and the washings added to the contents of the flask, which
is then closed with a rubber stopper and well shaken until there results

a uniform magma of precipitate and disintegrated filter paper quite

free from small lumps of benzidine sulphate. The mixture is then

warmed to 50°, and after addition of phenolphthalein titrated with Njio
sodium hydroxide solution, finally heating to boiling to remove from

the solution all carbon dioxide, since it affects the indicator. An
accidental excess of alkali solution may be titrated back with normal
acid. This method is applicable to the estimation of sulphuric acid

present either in the free state or as copper or ferrous sulphate ; it

is not directly applicable to ferric sulphate, as in this case the iron

must be precipitated as described on p. 273. The method is also

inapplicable in many other cases, as for example in the presence of

certain organic compounds.

The benzidine method may, moreover, be used even in the presence

of iron when not more than i atom of sulphur is present per i atom of

iron, provided that (as first recommended by M. Schlotter) ferric salts

are first reduced to the ferrous state. For this purpose, Raschig^
employs a dilute solution of hydroxylamine h}-drochloride, and gives the

following details for the determination of sulphur in pyrites by this

method. Exactly o-8 g. of the finely divided sample is weighed into

a 200 c.c. conical flask, 5 c.c. of fuming nitric acid added, and the flask

with a small funnel in the neck heated on the water-bath. After half

an hour, 30 c.c. of water are added, the whole of the contents rinsed

into a 100 c.c. flask, made up to the mark and well shaken. Twenty
c.c. of this solution are then placed in a 600 c.c. beaker, 10 c.c. of a

I per cent, solution of hydroxylamine hydrochloride added, and 500
c.c. of benzidine hydrochloride solution prepared as above. The
precipitation and subsequent treatment of the benzidine sulphate is

then carried out as described. The filtrate from the sulphate should

always be tested with barium chloride, to make sure that sufficient

benzidine solution has been used for complete precipitation.

3. Arsenic.—The estimation of arsenic in pyrites is somewhat
laborious, and is consequently not carried out in works as frequentl}- as

1 Z, atigeu: C/ieiii., 1905, 18, 331 ; 1906, 19, 331.
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its importance would demand. The arsenic in p}'rites not onl}' finds its

way into the vitriol, but also into the hydrochloric acid prepared there-

from, and may, in this and in many other cases, prove very harmful.

The methods employed for its determination lead, unfortunately, to

widely differing results.

According to the method devised by Reich, as modified by M'Cay,^

0-5 g. pyrites is treated with strong nitric acid in a porcelain crucible,

the free acid evaporated without taking the mixture to dryness, 4 g. of

sodium carbonate added, and the whole taken to dryness on the sand-

bath, after which 4 g. of potassium nitrate are added, and the mixture

heated to gentle fusion for ten minutes. The melt is extracted with

hot water, filtered, and the filtrate, after acidifying with a little nitric acid,

heated for some time to remove all carbon dioxide, and after addition

of silver nitrate, cautiously neutralised with dilute ammonia. The
precipitate, which contains all the arsenic as silver arsenate, is dissolved

in dilute nitric acid, and the silver either estimated by titration with

ammonium thiocyanatc according to Volhard's method, or the

solution evaporated in a platinum dish and the residue weighed.

One part Ag.,.-\s04 = 0-1621 As. If it be desired to precipitate the

arsenic as arsenic pentasulphide, the solution is transferred to a flask,

acidified with hydrochloric acid, the flask almost filled with air-free

water and saturated with sulphuretted hydrogen. The stopper is then

securely fastened and the flask heated for an hour on the water-bath,

whereby a precipitate of the pentasulphide, uncontaminated with free

sulphur, is obtained.

Other methods give results which differ rather widely from those

obtained as above.

Blattner and Brasseur- quote an instance in which different

anah'sts found from 0-19 to 0-57 per cent, of arsenic, and another in

which the figures varied from 0-05 to 0-39 per cent. Records of still

greater differences ma)- be found in the journals. The}- recommend the

following process :

—

I. nV/ treatment. Ten g. of pyrites is added graduall}^ with gentle

warming to aqua regia, prepared from 125 c.c. nitric acid of sp. gr.

1-37, 250 c.c. hydrochloric acid of sp. gr. 1-15 to 1-17, and 100 c.c. water,

in a litre flask. The bulk of the nitric acid is driven off by evaporation

after addition of h\-drochloric acid ; since all the arsenic is present as

arsenic acid, no loss through evolution of arsenious chloride is said to

take place. After the addition of 100 c.c. of water, the solution is

cooled and filtered, ammonia is added until a slight precipitate of ferric

hydroxide is formed, sulphurous anhydride passed through the cold

solution until the reduction of the iron to the ferrous state is complete,

1 Chem. News, 1883, 48, 7. Amer. Chem.J., 1886, 8, 77 ; 1887, 9, 174 ; 1888, 10, 459.
- Bull. Soc. Chim., 1897 [3], 17, 13.
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the excess of sulphur dioxide removed by warming", and after cooHng
to Gd'-yo" , the arsenic precipitated by passing in sulphuretted hj-drogen

for six to seven hours. The solution is then allowed to stand for

twelve hours, and filtered. The precipitate is washed with water con-

taining hydrochloric acid and sulphuretted hydrogen until all the iron

has been removed, and finally with distilled water.

It is then dissolved by digesting the precipitate and filter paper with

ammonium carbonate, and the solution filtered. The filtrate is rendered

strongl)' acid with hydrochloric acid warmed to 50-70", and the arsenic

precipitated as arsenious sulphide by passing in sulphuretted hydrogen
for an hour. The arsenic in the precipitate may be determined
either as magnesium ammonium arsenate or as silver arsenate. In

the former case the precipitate is dissolved in strong ammonia,
evaporated to dr}-ness on the water-bath, taken up with 10 c.c. nitric

acid, and after a further slight evaporation, rendered ammoniacal, and
a small quantity of alcohol, followed by magnesia mixture, added ; after

standing for twelve hours, the precipitate is collected on an ash-free

filter paper, washed with a solution of one part of ammonium chloride

and one of alcohol in three of water, dried, and ignited after separation

from the filter paper. The filter paper is ignited separately after

addition of a small quantity of ammonium nitrate. One hundred parts

Mgo.'\s.,0; correspond to 48-28 parts As.

2. Diy treatment. Two g. of pyrites are thoroughly mixed in a

platinum crucible of 30 c.c. capacity with 10 to 12 g. of a mixture of

equal parts of potassium nitrate and sodium carbonate, and covered

with a layer of 2 g, of the same mixture. The crucible is then covered

and heated over a Bunsen flame 3 cm. high. When the reaction is

complete, the mass is allowed to cool, the contents of the crucible

placed in 70 c.c. of boiling water, and after solution, the whole
filtered and the residue washed with boiling water. All the arsenic is

then in the filtrate as arsenate. The solution is acidified with nitric

acid, heated to boiling, allowed to cool, rendered exactly neutral by
ammonia, and after the addition of one drop of nitric acid, again

neutralised until a drop of the solution only produces a blue tint on red

litmus paper after some seconds. Silver nitrate is then added, drop by
drop, until no further precipitation occurs ; the silver arsenate is collected

on a filter and washed with cold water until the filtrate no longer gives

a turbidity with hydrochloric acid. The silver arsenate is dissolved

on the filter in very dilute nitric acid, 5 c.c. of a sulphuric acid—nitric

acid—iron solution added as indicator, and the solution titrated with

iV/io ammonium thiocyanate solution to the appearance of a rose

coloration. Each i c.c. of the thiocyanate solution corresponds to

0-0025 g. .As. This method is rapid, and the results obtained agree

very closely with those obtained by the first method, and also with
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those of Clark, who empIo}'.s a mixture of magnesia and sodium
h}'droxide for fusing the ore (cf infrii).

This second method of Blattner and Brasscur is to be preferred to

the first, since a loss of arsenic by volatilisation as arsenious chloride

may occur in the latter.

The same authors have also described a method ^ based on the

precipitation of the arsenic as tri-iodide and the subsequent volumetric

estimation of the latter.

List- heats 2 g. pyrites with lO g. sodium peroxide in a crucible, as

described on p. 276. l^y this treatment all the arsenic is converted

to arsenic acid, which may be estimated as in the method of Blattner

and Brasseur.

Clark -^ has devised the two following methods for the estimation of

arsenic in pyrites :

—

1. Precipitation incthod. About 3 g. of the ground sample is mixed

with four times its weight of a mixture of equal jDarts of freshly cal-

cined magnesia and pure sodium hydroxide previously ground together

in a porcelain mortar, and the whole heated for about ten minutes in an

uncovered platinum crucible ; the mixture contracts slightly, but does

not fuse. The product is extracted with hot water, and the filtrate

acidified with hydrochloric acid, whereby sulphuretted hydrogen is freely

evolved. On boiling the nearly colourless solution thus obtained for a

few minutes, the arsenic separates as sulphide. After saturation with

sulphuretted hydrogen to ensure complete precipitation, the precipitate

is filtered off, washed, the arsenic trisulphide dissolved in ammonia, and

the resulting solution evaporated to dryness on the water bath. The
residue is dissolved in a small quantity of strong nitric acid and the

arsenic estimated as magnesium ammonium arsenate, or precipitated as

silver arsenate, and its weight calculated from the silver found, as

determined by titration b}' Volhard's method, or b}' cupellation accord-

ing to Richter.

The method gives very accurate results, and is applicable even when
the arsenic is only present in very small quantity.

2. Distillatioji method. About 1-7 g. of the finely powdered pyrites

mixed with six times its weight of the magnesia-sodium h}'droxide

mixture is heated over a Bunsen flame of medium height in an un-

covered platinum crucible for one hour, by which time oxidation

should be complete. The contents of the crucible are transferred

to a flask, moistened with water, and dissolved in about 70 c.c. of

strong hydrochloric acid. It is necessar}' to heat towards the end,

until all action ceases. The flask is fitted with a funnel tube which

dips below the surface of the liquid, and it is further connected with a

1 Z. angetv. C/ienu, 1904, 17, 1727. - Ihid., 1903, 16, 415.

3 / Soc. Chem. Ind., 18S7, 6, 352.
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small glass cooling-worm, to the end of which a straight calcium chloride

tube is attached. A considerable excess of reducing agent, dissolved in

strong hydrochloric acid, is then admitted through the funnel tube. The
reducing agent employed is cuprous chloride, which forms a readily

soluble double salt with sodium chloride, and reduces quite as readily

as a ferrous salt. A mixture of cuprous and ferrous chlorides, obtained

by dissolving copper in ferric chloride, also forms an excellent reducing

agent. The contents of the flask are then slowly distilled into water

for an hour, after which about 30 g. of strong hydrochloric acid are

added and the distillation continued for a further half-hour. All the

arsenic should now be in the receiver, but it is advisable to check this

by adding more hydrochloric acid, changing the receiver, and testing

the fresh distillate collected. The arsenic so recovered may be precipi-

tated as sulphide and collected on a tared filter paper, or it ma}- be

titrated with iodine in the usual manner.

The distillation method requires less time than an\- other, and gixes

equally exact results even for small amounts of arsenic. It may also be

employed with advantage in estimating the arsenic in metallic copper.

According to H. Fresenius,^ the fusion method offers no advantages

over that of direct distillation in the presence of ferrous chloride, where

the solution has been treated hot with chlorine or with h}-drochloric acid

and potassium chlorate.

The method of determining arsenic proposed by Kiihn and Sager,-

which consists in obtaining and weighing an arsenic mirror, is too

troublesome for technical work.

The methods for detecting and estimating traces of arsenic are

described on pp. 362 to 376.

4. Copper.—The following process is emplo}ed at the Duisburg

copper works, and was first described in the Alkali Makers' Hand-
book. Five g. of the pyrites, ground and dried at 100^, are gradually

dissolved in 60 c.c. nitric acid of sp. gr. i-2 in an inclined Erlenmeyer

flask. As soon as the violence of the reaction is over, the flask is

warmed and evaporation allowed to proceed until sulphuric acid vapours

are given off. The dry residue is dissolved in 50 c.c. hydrochloric acid

of sp. gr. 1-19, and after the addition of sodium hypophosphite (2 g
sodium hypophosphite, XaH.,PO.,, dissolved in 5 c.c 'vater) the solution

is boiled for a time to remove arsenic and to reduce the ferric chloride.

An excess of strong h\-drochloric acid is then added, the solution diluted

with about 300 c.c. of hot water, sulphuretted hydrogen passed in, and

the precipitate filtered off and thoroughly washed. A hole is made in

the filter by means of a glass rod, the precipitate washed back into

the precipitating flask, and the metallic sulphides adhering to the filter

' Z. anal. Cfiem., 1888, ^,l\\ cf. also, Nahnsen, Chem. Zeit., 1 887, II, 692.

- Ber., 1890, 23, 1798.
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paper as well as the main bulk of precipitate, brought into solution by
treatment with nitric acid ; the solution in the flask is then evaporated

to dryness on the water-bath, and the residue again taken up with nitric

acid and water, neutralised with ammonia and dilute sulphuric acid

added in slight excess. When cold, the solution is filtered to remove

lead sulphate and other insoluble matter, the flask and the filter being

washed with water containing sulphuric acid, 3 to 8 c.c. of nitric acid

of sp. gr. 1-4 added to the filtrate, and the copper deposited electro-

lytically. From the weight of copper found, o-oi per cent, is deducted

for the simultaneously deposited bismuth and antimony.

Nahnsen ^ estimates the copper in pyrites as follows. The pyrites

is very finely ground, dried, and 12-5 g. of the dried material are

covered with 10 c.c. of water and i c.c. of strong sulphuric acid in a

thin-walled beaker about 17 cm. deep. The beaker is covered with

a porcelain dish and nitric acid of sp. gr. 1-4 added in successive

small portions until frothing ceases to occur. The solution is then

boiled over a fairly large flame ; after several minutes the porcelain

dish, which is sufficiently washed by the acid which condenses under-

neath, is removed and the graduall)^ thickening solution is allowed to

boil vigorously with constant agitation, until the liquid almost adheres

to the glass and yellow particles of salt begin to separate. The magma
is then quickly brought into solution by the addition of w^arm water.

With some practice the whole operation may be performed in from

ten to fifteen minutes. The cold solution is transferred to a 250 c.c.

flask, made up to the mark and filtered through a dry filter paper. Two
hundred c.c. (=10 g. pyrites) of the solution, which is now free from

silica and lead, are treated for some hours with a good current of

sulphuretted h}'drogen, until the precipitate becomes flocculent and

the solution appears clear. The solution is then filtered and the

precipitate continually pressed out by means of a glass rod and washed
on the filter paper with water. It is unnecessary to wash copper

sulphide with sulphuretted hydrogen water when, as in this case, the

sulphuretted hydrogen has been allowed to act until the precipitate

settles well and leaves a clear supernatant liquid. The portion of the

precipitate remaining on the filter is washed back into the main bulk

with the least possible quantity of hot water, and concentrated sodium
sulphide solution added in such quantity that no sulphur remains

undissolved after the solution has been brought to, and maintained for

several minutes at, boiling point. After diluting with water and allowing

to settle in a warm place, the solution, which contains the arsenic and

antimony, which is now quite free from copper, is filtered, and the sulphide

of copper washed wath hot water. Traces of iron sulphide, which always

adhere to the sulphide of copper (in two cases this amounted to 002
^ Chem. ZeiL, 18S7, II, 692.



PYRITES 287

per cent, on the pyrites), are extracted by washing with hot water

acidified with a few drops of hydrochloric acid
; the precipitate is then

washed until free from chlorine, and the copper estimated as cuprous

sulphide.

Cadmium and bismuth sulphides, present in the cuprous sulphide,

are determined by dissolving the precipitate in nitric acid, and treating

the warm solution for some time with ammonium carbonate. The
resulting precipitate is weighed as oxide and allowed for.

Should 25 g. be taken for analysis instead of 12-5 g., the method,

according to the author, is but slightly more troublesome and longer.

When the pyrites contains 3 to 5 per cent, of copper, 5 g. of the sample
will suffice.

A very complete account of the estimation of copper in pyrites,

and more particularly of the " Cornish assay," has been published by
Westmoreland.^

List- burns the pyrites in a porcelain crucible of special shape,

extracts with hydrochloric acid, neutralises with ammonia, adds

sulphurous acid, and precipitates the copper as cuprous thiocyanate
;

this is oxidised with a mixture of sulphuric and nitric acids to sulphate,

and the copper determined by electrolysis.

5. Lead.—Lead remains in the residue in the form of sulphate

when the pyrites is treated with aqua regia, as described on p. 272.

The lead sulphate is extracted from the insoluble residue by warming
with a concentrated solution of ammonium acetate ; the resulting

solution is evaporated with addition of a little pure sulphuric acid, and
the residue finally dried and ignited in a porcelain dish or crucible.

One part PbSO^ = 0-6829 Pb.

6. Zinc.—The zinc in pyrites is occasionally determined, according
to Hassreidter and Frost, since it is scarcely possible to recover the

sulphur combined with the zinc. Schaffner's method, as described
under Zinc Blende on p. 289, is not available, owing to the large pre-

ponderance of iron, and on this latter account a gravimetric method must
be resorted to. One g. of the p)'rites is dissolved in aqua regia, as de-
scribed on p. 272, the excess of nitric acid evaporated off, and the residue
taken up with 5 c.c. of strong h)'drochloric acid ; water is then added
and the solution treated with sulphuretted hydrogen to remove any
metals yielding sulphides insoluble in acid solution. Any precipitate

formed is filtered off, and the filtrate freed from sulphuretted hydrogen
by boiling and oxidised with aqua regia. The oxidised solution is

treated, when cold, with ammonium carbonate, until the resulting
precipitate only redissolves very slowly; ammonium acetate is then
added, the solution boiled for a short time, and filtered. The basic
ferric acetate so precipitated carries down some of the zinc, and must,

1 / Soc. Chem. bid., 1886, 5, 49 and 277. '^ Z. angew. C/iem., 1903, 16, 416.
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therefore, be dissolved in hydrochloric acid, and again precipitated as

described, the operation being repeated so long as zinc can be detected

in the filtrate. The combined filtrates are concentrated if necessary,

and the zinc precipitated in the warm solution by sulphuretted

h\-drogen ; the whole is then allowed to stand for twenty-four hours,

the clear liquor decanted, and the zinc sulphide filtered off and washed.

The precipitate and filter are treated with dilute hydrochloric acid, and

the resulting solution, after boiling till free from sulphuretted hydrogen,

filtered, precipitated with sodium carbonate, the zinc carbonate well

washed, dried, and converted by ignition to ZnO of which one part =
0-8034 Zn. For very exact determinations any silica, oxide of iron, and

alumina precipitated with the zinc oxide must be estimated and allowed

for ; this, however, is seldom necessary.

Ma}'er and Losekann^ have worked out a method for estimating

the zinc as zinc ammonium phosphate.

7. Carbonates of the alkaline earths are occasionally estimated,

since when present they cause sulphur to be retained, owing to the

formation of the corresponding sulphates. Since their quantity is always

small, the carbonic acid cannot be determined accurately by loss, and

consequently a direct method must be used. The carbonic acid is

liberated by addition of strong acid and absorbed in soda lime, taking

care to retain moisture and any acid carried forward ;
either the

apparatus of Fresenius - or that of Classen ^ may be employed for the

determination. Greater rapidit}- and accuracy can be attained by

measuring the volume of evolved gas in the Lunge and ?klarchlewski

calcimeter *
(p. 149).

8. Carbon.— It is occasionally necessary to estimate the carbon

present in pyrites, especially in the products sorted out from coal and

known under the name of " coal brasses." ^ This is done, according to

Treadwell and Koch,'^ by combustion in a porcelain boat, as in the

ordinary method of organic analysis, employing a 30 cm. layer of copper

oxide and 25 cm. of lead peroxide to retain the sulphur; or more

conveniently and in shorter time by oxidising with a mixture of

chromic and sulphuric acids. For the latter process they follow the

method of Corleis,' passing the gas liberated in the decomposing flask

through a 10 cm. layer of glowing copper oxide, followed b\- 10 cm. of

solid chromium trioxide, and after this through two small U-tubes each

containing 3 c.c. of a solution of chromium trioxide in concentrated

sulphuric acid. After leaving the U-tubes the gas is passed through a

1 Chein. Zeit,, 1 886, 10, 729. " JMohr's Tilrirmethoden^ 7th edition, p. 64I.

- Quantitative Analysis^ vol. i., p. 449. * Z. angew. Chei?i., 1891, 4, 229.

° Cf. Lunge, Sulphuric Acid ami Alkali, 3rd edition, 1 903, p. 41.

•^ Z. angew, L7ieiii., 1903, I6, 173.

' Stahlu. Eisen, 1894. 14, 587 ; cf. Vol. II., " Iron."
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tube filled with glass beads moistened with sulphuric acid, then through

a couple of calcium chloride tubes, and is finally absorbed in two

weighed tubes filled with soda-lime. The results obtained in this

manner were identical with those of the combustion method (26-26

per cent, carbon).

9. It is necessary in some instances to distinguish between Ordinary

and magnetic pyrites (Pyrrhotite), Fe-Sg, more especiall}- in the case of

American ores. To effect this,^ the mineral is ground till it will pass

through a sieve of sixt}' meshes to the inch (24 per cm.), but not finer,

and the powder spread on a sheet of glazed paper. The magnetic

p}Tites is then picked out b}- the aid of a magnet and freed from an}-

ordinary pyrites adhering mechanicalh', by gently tapping the magnet,

after which the armature is fixed to the magnet and the magnetic ore

brushed off. This operation is repeated five or six times and the

sulphur separately estimated in the two portions.

IV. Zixc Blende

1. Total Sulphur.—0-5 g. of the very finely ground sample is

covered with about 20 c.c. of a mixture of three parts strong nitric acid

and one part strong h\-drochloric acid, or with h}-drochloric acid saturated

with bromine, allowed to stand covered overnight, evaporated almost to

dr}'ness, and a few c.c. of h}-drochloric acid and 50 c.c. of water added
;

the solution is filtered hot and precipitated with barium chloride, after

removal of the iron by ammonia, as described on p. 273, should this be

present in any quantit}-.

According to Thiel,- the estimation of sulphuric acid in the presence

of large quantities of zinc alwa\-s leads to low results, owing to the

formation of complex salts on precipitation with barium chloride (with

equivalent quantities of zinc the results are 0-33 per cent, too low).

This source of error may be avoided if, before the addition of the barium

chloride, the zinc is exactly precipitated as hydroxide b}- addition of

ammonia and the hydroxide subsequently dissolved out of the mixed

precipitate with a slight excess of hydrochloric acid before filtering.

2. Zinc.—According to the modified Schaffner method now emplo\-ed

at zinc works,"^ 2-5 g. of the blende, dried at 100' and finely ground, are

treated with 12 c.c. of fuming nitric acid in an Erlenmeyer flask of 200

c.c, capacity, first in the cold and then with gentle heating to disappear-

ance of the red fumes, when 20 to 25 c.c. of strong nitric acid are added

and the whole evaporated to dr)-ness on the sand-bath. Five c.c. of hydro-

chloric acid and a little water are then added and the mixture warmed
until as much as possible has dissolved, after which the solution is

^ Cone, J'. Ainer. Cliem. Soc, 1896, 18, 404. - Z. auorg. Cheni., 1903, 36, 85.

•* Communicated by V. Hassreidter and E. Prost.

T
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diluted with 50 to 60 c.c. of water and the whole heated to 66" to 70°,

until only gangue and separated sulphur remain undissolved. A
moderate current of sulphuretted hydrogen is next passed into the

solution and 50 to 100 c.c. of cold water added, little by little, with

continuous stirring until the precipitation of lead and cadmium sulphides

is complete, which may be recognised by the transparency of the

bubbles as they rise through the solution. Excessive dilution and too

slow a current of sulphuretted h}'drogen should be avoided. The
solution is filtered and the precipitate washed with 100 c.c. of sulphur-

etted hydrogen water, to which 5 c.c. of hydrochloric acid have been

added, until a drop of the filtrate ceases to give the reaction for zinc with

ammonium sulphide. The filtrate and washings, which amount in all

to about 300 c.c, are boiled to remove the sulphuretted h}-drogen,

the complete removal of which is checked by lead acetate paper, and

the ferrous iron then oxidised by addition of 5 c.c. of strong nitric acid

and 10 c.c. of hydrochloric acid. After partial cooling the solution is

poured into a 500 c.c. flask, 100 c.c. of ammonia of sp. gr. 0-9 to

0-91 and 10 c.c. of a cold saturated solution of commercial ammonium
carbonate added, and the whole well shaken and allowed to cool.

In the meantime an ammoniacal solution zinc of known content

is prepared, by dissolving in a 500 c.c. flask chemically pure zinc,

approximately equal in quantity to the zinc content of the ore, in 5

c.c. of nitric acid and 20 c.c. of hydrochloric acid diluted with about

250 c.c. of water. After solution, 100 c.c. of ammonia and to c.c,

of a saturated solution of ammonium carbonate are added, the whole

shaken, and allowed to cool. In the presence of manganese, 10 c.c. of

hydrogen peroxide are added before the ammonia. When quite cold,

both flasks are filled with water to the graduation mark, and the solution

prepared from the ore passed through a dry, pleated filter paper. For

titration, lOO c.c. are pipetted from each solution into a thick-walled

glass cylinder or beaker, and each portion diluted with about 200 c.c.

of water. The standard solution for titration consists of a concentrated

solution of commercial sodium sulphide crystals diluted with 10 to 20

times its volume of water, so that each c.c. corresponds to 0-005 to o-oio

g. of zinc. The sodium sulphide solution is allowed to flow alternately

from two adjacent 50 c.c. burettes into each of the two solutions, at

first in 2 or 3 c.c. at a time, and later in such smaller quantities as may
appear necessary ; the solutions are stirred and a drop of each solution

placed simultaneously, by means of thin glass rods, on a strip of sensitive

lead acetate paper. After ten to fifteen seconds have elapsed, the drops

are washed off" by the aid of a small wash-bottle, and the titration with

the sulphide solution continued until the drops taken from each of the

solutions, after an equal lapse of time, give rise to weak but distinctly

perceptible brown stains of equal intensity. Should the volume of liquid
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withdrawn for the tests be appreciable, the operation must be repeated
;

in all cases the end-reactions in the two solutions must be reached at the

same time and the readings made to within 0-05 c.c.

If the quantity of pure zinc taken for the standard solution be

denoted by a, the number of c.c. of the sodium sulphide solution required

per 100 c.c. of the standard by b, and the number of c.c. required per

100 c.c. of the solution of the ore ( = 0-5 g. ore) by c, then the percentage

r . . , . . , , ^ , 40 ac-
:

or zmc ni the ore is given by the formula —^—

.

In very exact determinations a quantity of ferric chloride, corre-

sponding to the iron content of the ore, should be added to the standard

solution, to compensate for the zinc carried down with the ferric

hydroxide precipitate.

F. Meyer ^ treats 0-5 g. of the ore, in an ordinary flask, with 10 c.c.

of aqua regia (made up of two parts of hydrochloric to one part of nitric

acid), starting cold and then warming, evaporates off the excess of acid,

takes up the residue with 10 c.c. of sulphuric acid (i : 2), and evaporates,

the solution, to precipitate the lead, until dense white fumes are evolved.

He then allows the solution to cool, dilutes with 60 to 80 c.c. of hot

water, precipitates copper, cadmium, etc., by the addition of 10 c.c. of

sodium thiosulphate solution (1:8), boils until the solution is nearly

clear, and, after filtering from gangue, lead sulphate, etc., and boiling

the filtrate with 5 c.c. of nitric acid until the sulphur has collected into

globules, precipitates the iron and aluminium with 30 c.c. of ammonia
of sp. gr. 0-92 ; finally, when nearly cold, the manganese is thrown

down by the addition of 20 c.c. of bromine water. After standing for

some time the bromine is expelled by boiling, the solution filtered into

a thick-walled beaker, the flask and filter paper partially washed, the

contents of the filter dissolved in 5 c.c. of aqua regia and collected in

the flask, the iron, aluminium, and manganese precipitated as before by

20 c.c. of ammonia solution and 20 c.c. of bromine water, the filtrate

added to the preceding and the two made up to 500 c.c. The solution

is then allowed to stand overnight and titrated with sulphide of sodium

solution, of which i c.c. corresponds to about O-Oi g. zinc, using a burette

graduated in ^\ c.c. The preparation of the standard solution and the

titration are carried out as in Hassreidter and Frost's method described

above.

Jensch - has drawn attention to the occurrence of certain siliceous

zinc ores which obstinately resist the ordinary methods of treatment.

A critical review of the various volumetric methods of estimating

zinc has been published by O. Brunck.^

Herz^ estimates the zinc gravimetrically by precipitation with

^ Z. aiigni'. Chem., 1894, 7, 391. ^ Cheiii. ZeiL, 1903, 27, 339.

- Ibid., 155. * Z. aiwrg. Chem., 1901, 26, 90.
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dimethylamine, but according to Herting this method is not to be

recommended.

Herting^ is of opinion that the gravimetric determination, by pre-

cipitating as basic carbonate and weighing as oxide, is preferable to

any volumetric method.

As a rule, it is necessary to separate the zinc from the other metals.

The ordinary method consists in precipitating as sulphide with sulphur-

etted hydrogen in acetic acid solution, or by adding ammonium sulphide.

In either case great difficulty is experienced in the filtration of the

sulphide, which readily passes through the filter paper. This difficulty

may be quite overcome if Murmann's suggestion - of adding a solution

of mercuric chloride before precipitation be followed ; the mixed pre-

cipitate of the sulphides of zinc and mercury settles in a few minutes,

and yields a clear solution on filtration. On ignition, the mercuric

sulphide is completely eliminated, whilst the sulphide of zinc is con-

verted into the oxide, even in the absence of a current of oxygen.

Herting strongh' recommends this mode of procedure. He also con-

firms the observation of Flath,^ to the effect that zinc may be completely

separated from iron by a double precipitation of the latter \\ith

ammonia, especially after the addition of ammonium acetate.

3 Lead.—The metallic sulphides precipitated as above (2) are, if

necessary, digested with a moderately concentrated sodium sulphide

solution, the resulting solution diluted, filtered, and the insoluble matter

washed. The residue is dissolved in dilute nitric acid, the solution

filtered and evaporated with excess of sulphuric acid, to obtain the lead

in the form of sulphate. One part PbSO^ = o-6829 Pb.

4. Calcium and Magnesium fix sulphur during calcination, and

must consequently be estimated. Two to 5 g. of the blende are digested

by warming with 50 c.c. of dilute hydrochloric acid (i : 10), the solution

decanted, and the operation repeated once or twice. The residue is

washed, the filtrate freed from sulphuretted h}'drogen by boiling,

oxidised by bromine water, and precipitated with ammonia free from

carbonate. The calcium in the filtrate is precipitated in the usual

way b}' addition of ammonium oxalate and, after strong ignition,

weighed as oxide; the magnesium is determined by the addition of

ammonium phosphate to the filtrate from the oxalate. (Cf. infra under

Sulphate.)

5. Arsenic, as described above, p. 281.

6. Carbonic Acid may be estimated as described under Pyrites (p.

288). This estimation is of some importance, since blende occasionally

contains spathic iron ore and calamine, in addition to calcium and

magnesium carbonate.

1 Chcni. Zeit., 1903, 27, 987. -' Moiiats/i., 1S98, 19, 404.

" Cheiii. Zeit., 1902, 26, 611.
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7. Fluorine is determined, according to Prost and Balthaser,^ by
mixing 5 g. of the blende with powdered quartz, heating with sulphuric

acid, condensing the liberated silicon fluoride in water, filtering off

the separated silica, precipitating the hxdrofluosilicic acid with potassium

chloride and alcohol, and weighing on a tared filter paper. This method
gives results from o-6 to o-8 per cent, too low.

Bein- estimates the fluorine indirectly, from the silica separated as

above. This method is, however, inexact.

Bullnheimer -^ obtained the best results b\' the following modifica-

tion of the method of Fresenius.^ An Erlenme\-er flask of 300 to

350 c.c. capacity is fitted with a rubber stopper, bored in three places,

for a thermometer and for inlet- and outlet-tubes respectivelw To the last

is connected a U-tube filled u ith glass wool, and be}-ond this a Winkler

cooling worm, which is cooled by immersion in water ; a Drehschmidt

wash-bottle filled with 80 c.c. of potassium chloride solution is attached

to the worm. The inlet-tube is intended, as in the Fresenius method,

for admission of air, previously dried and purified b}' sulphuric acid

and soda-lime. About 2-5 g. of the blende are intimateh' mixed with

from 3 to 5 g. of powdered quartz, and treated in the flask with 20 g.

of chromic acid and 100 c.c. of concentrated sulphuric acid. Should

the chromic acid not be absolutely dr}-, it must be mixed with the

sulphuric acid before adding it to the ore. The flask is quickl}'

stoppered, shaken, and a current of air passed through, at first in the

cold, and subsequently with gradual heating to about 80 . When the

evolution of ox\-gen begins to slacken, further heat is applied, until

the temperature reaches 150 to 160'
; so long as ox}-gen is coming

off, the current of air may be discontinued. The reaction proceeds

sometimes quietly, at other times violently. After three hours' heating,

all the silicon fluoride should have been driven over into the receiver,

and nothing more should be evolved from the absorption flask. The
contents of the latter are then emptied out, an equal volume of alcohol

added, the mixture allowed to stand for a time, and then titrated \\ith

A710 sodium hydroxide solution, using phenolphthalein as indicator.

The titration must be done rapidh', and the reading taken at the first

reddening of the indicator.

8. Available sulphur.—From the total sulphur, estimated as directed

on p. 289, there must be deducted :

—

for I part Pb found in Xo. 3 : 0-1595 parts S,

„ I „ CaO „ 4 : 0-5712 „ S,

„ I „ MgO „ 4 : 0-7943 „ S.

The quantity of sulphur remaining after these deductions is that

1 Z. atigew. Chenu, 1901, 14, loi. - Z. anal. Cliem.y 1887, 26, 733.
^ Z. augeu: Chem., 1 901, 14, 103.

^ Quantitative Analysis, 6th edition (1876), vol. i., p. 328.
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available for the production of sulphuric acid. Any sulphur present as

heavy spar remains in the insoluble residue from the original extraction.

CONTROL OF WORKING CONDITIONS

The objects to be aimed at in the production of sulphurous acid

are (i) the fullest possible utilisation of the ra\\' material employed, and

(ii) the correct admixture of air. The form.er is controlled by the

analysis and the appearance of the cinders, and the latter by examina-

tion of the products of combustion. Anemometers find but little appli-

cation at this stage, but ma}' be of great importance during the

subsequent conversion of sulphurous acid to sulphuric acid.

L Burnt Ore.—(Residues after Calcination.)

Crude or native Sulphur.—An analysis is scarcely necessary,

since with the small quantity of fixed residue usually present, it is

apparent to the e}'e whether combustion has been complete or not.

Should it be deemed desirable, the residue is examined by ignition in

a porcelain dish, or by oxidation with aqua regia.

Gas Residuals.—The residues in this case contain iron oxide and
frequently lime. The presence of the latter renders a determination

of the total sulphur of little value
;
the available sulphur must be

estimated by the method given on p. 270.

Iron Pyrites.—The sulphur in p\rites cinders may exist either as

sulphide or as sulphate. In the case of pyrites containing lead or zinc,

it is impossible to completely decompose the sulphates of these metals

in the kiln, whilst with cupriferous pyrites the complete burning-off of

the sulphur is not desirable in view of the subsequent working up of

the burnt ore for copper by the " chlorinating roast." In the latter

case the burnt ore may contain, according to circumstances, from 3 to

5 per cent, of sulphur, and in the case of mixed pyrites even larger

quantities. On the other hand, with pure iron pyrites, the sulphur

may be reduced to i per cent, at all events in the case of " smalls."

As a rule, only the total sulphur is determined in the burnt ore
;

in the case of cupreous pyrites the copper is also determined, and less

frequently the iron is estimated as well.

Estimation of sulpJiur. The wet method (p. 272) is seldom employed

for this determination, partly because it is more troublesome than in

the case of the ore, and also because rapid dry methods which are

available are sufficiently accurate (r/i p. 276). If the cinders are in-

tended for use in blast furnaces, Jene^ states that the dry methods of

determination should always be used, as the wet methods do not give

the total sulphur ; this has been confirmed by Gottlieb."- Many of

1 Chem. Zeit., 1905, 29, 362. - Ibid., 1905, 29, 688.
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these are, however, untrustworth}- or not sufficiently convenient. This

is the case, for example, with the method of Pelouze and also with

Kolb's method of ignition with sodium carbonate and oxide of copper.^

The method proposed by Bockmann is as follows :—A sample of

the burnt ore from the kilns is taken every twelve hours, each kiln

being provided with two sample boxes, one large and one small,

numbered to correspond to the kiln. The samples are in the first

instance collected in the smaller receivers and brought in these to the

laborator}-, where they are transferred to the 'corresponding larger

boxes. At the end of the week's working a good average sample is

drawn from the latter, broken down in an iron mortar, the coarsely

ground sample so obtained divided by quartering on a piece of stout

paper, and one of the quarters finely ground and sieved. The ground

samples are filled into bottles, also numbered to correspond to the kilns.

Finall)', several grams of each sample are ground in successive small

portions in an agate mortar until no grittiness is felt on rubbing between

the fingers.

For the sulphur determination 1-5 to 2 g. of the very finely ground

material are weighed off, and mixed with about 25 g. of a mixture of six

parts sodium carbonate and one part potassium chlorate ; this mixing

is done in a large platinum dish, by the aid of an agate pestle fixed to a

wooden handle. The mixture is then fused over the blowpipe. The
melt is allowed to cool till only just warm, then covered with hot water,

heated to boiling, and both the solution and the insoluble residue

washed into a 250 c.c. flask. The contents are cooled under the tap,

made up to the 250 c.c. mark, and i of the solution filtered through a

pleated filter paper into a 200 c.c. flask. The insoluble portion of the

melt (oxides of iron, copper, etc.) only occupies a small volume, and it

is unnecessar}' to make any correction for this. The solution is acidified

with hydrochloric acid and the sulphuric acid estimated in the usual

manner.

The method devised by Watson - is much more rapid than that of

Bockmann, but it is unsatisfactory in its original form, owing to the

difficulty of preventing the very finely divided oxide of iron from

passing through the filter and thereby interfering with the end-reaction

of the titration. Lunge ^ has modified the process so as to overcome

this difficult}', whereby the method has been rendered convenient and

rapid, and accurate to within 0-2 per cent. The Watson-Lunge method

is as follows :

—

Exactly 2 g. of sodium bicarbonate of known alkalinity are

intimately mixed by means of a flattened glass rod with 3-2 g. of the

ground cinders in a nickel crucible of 20 to 30 c.c. capacity ; the mixture

^ Cf. Lunge, Sulphuric Acid and Alkali, 3rd edition, 1903, vol. i., p. 74-

- /. Soc. Chem. hid., 1888, 7, 305. ^ Z. angen. C/iem., 1892, 5, 447.
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is heated for ten minutes over a small gas flame the tip of which just

touches the bottom of the crucible. The crucible must be covered

during this preliminary heating, and the contents must not be dis-

turbed during this period lest some of the material be carried away by

the gas evolved. Finally the heating is continued for fifteen minutes

over a larger flame ; the mixture is stirred frequently during this

period, and the temperature must not be allowed to rise sufficiently high

to cause fusion.

To prevent absorption of sulphur from the combustion products of

the gas, it is best to support the crucible in a hole cut in an obliquely

placed asbestos card, as shown in Fig. io6, p. 243. The arrangement

proposed by D. Pfeiffer^ is perhaps preferable. B)- the action of

atmospheric oxygen the sulphur is converted into sulphate at the cost

of a corresponding quantity of the bicarbonate. The contents of the

crucible are emptied into a porcelain dish, the crucible washed out with

water and the solution boiled for ten minutes, with the addition of a

saturated solution of sodium chloride ; without this addition it is difficult

to prevent some oxide of iron passing through the filter paper at a later

stage. The insoluble residue is then filtered off and washed until free

from alkali, the filtrate cooled, and the unchanged sodium carbonate

titrated with normal hydrochloric acid (of which i c.c. =0-05305 g.

Na^CO^, corresponding to 0-01603 g. S), using methyl orange as in-

dicator. If 2 g. bicarbonate require a c.c. of normal acid and the final

solution requires /; c.c, then the percentage content of sulphur = •

The method is not applicable to pyrites containing much zinc

{cf. p. 298), nor to zinc-free cinders which contain 6 per cent, or more of

sulphur. For the latter the following mixture must be substituted for

that given above, in order to ensure complete oxidation and at the same
time to guard against fusion :

-— 1-603 Z- o^ the sample, 2-o g. sodium

bicarbonate, 4 g. potassium chlorate, and 2 to 3 g. ferric oxide, free from
sulphur. The determination is otherwise conducted as above ; the

sulphur content is = c^ — /;.

The sodium chloride employed must be quite pure, that is, not only

react perfectly neutral, but also be free from calcium and magnesium
chlorides, which, if present, would naturally fix a corresponding quantity

of sodium bicarbonate.

At the Duisburg copper works the same method is employed for

estimating the sulphur in burnt ore as that described for pyrites (p.

276). In dissolving the substance, however, only a few drops of hydro-

chloric acid are added to the nitric acid, since with larger amounts of

hydrochloric acid sulphuretted hydrogen may occasionally be evolved.

List applies the sodium peroxide method (p. 276) to burnt ore.

^ Chem. Zeit., 1 904, 28, 38. - Lunge, Z. aiigen: Chein.^ 1906, 19, 27.
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The following process is emplo}'ed in one of the largest French

works for the regular daily control of the calcination ; it enables a large

number of sulphur tests in burnt ore to be carried out simultaneoush',

and the results are obtained in a comparatively short time. The
method depends upon the fact that at a red heat h)-drogcn will decom-

pose all sulphur compounds of iron with the formation of sulphuretted

h)'drogen. The sulphuretted h}-drogen so liberated is passed into a

standard solution of silver nitrate, and is estimated by titrating back

the excess of this reagent according to Volhard's method (p. 123). The
test is carried out as follows :—Several porcelain tubes, closed at both

ends by non-vulcanised rubber stoppers carr}-ing glass tubes, are

arranged in a furnace heated by a six-flamed Bunsen burner. The
glass tubes are connected at the inlet end with a h}-drogen generator

by means of a corresponding number of lengths of rubber tubing

furnished with screw clips ; the outlet pieces are connected with

vertically bent tubes which dip into small test-glasses. The hydrogen

used must be freed from any accompanying sulphuretted h\'drogen by

washing with silver nitrate solution. Each set is numbered, and the

porcelain tubes, stoppers, inlet- and outlet-tubes and test-glasses are

marked to correspond.

A preliminary test is first made to ensure that no precipitate results

when the hydrogen is passed into the silver nitrate solution in the test-

glasses. When this has been ascertained, exactly i g. of the finely

ground cinders is weighed into a numbered porcelain boat, the boat

pushed to the marked position in the porcelain tube by means of a

glass rod, and 25 c.c. of silver nitrate solution (containing 10-604 g.

AgNOg, corresponding to 3-65 g. NaCl per litre) placed in each test-

glass. When all the weighed samples are in position a current of

hydrogen is passed through the tubes and regulated by means of the

screw clips to two to three bubbles per minute. After ten minutes,

when all the air has been expelled, the furnace is heated, at first

gently, and then gradually raised to a red heat. After one and a half

hours' heating, the elimination of the sulphur is complete. This is

shown by no further cloudiness appearing in the silver nitrate solution,

and by the improved and satisfactory settling out of the black pre-

cipitate of silver sulphide. The gas supply to the furnace is then

gradually reduced, and the hydrogen current interrupted. The test-

glasses are removed in turn, and without filtering off the precipitate,

I c.c. of iron-indicator (2-5 g. ferric nitrate dissolved in 100 c.c. nitric

acid of sp. gr. 1-38) is added, and the solution immediately titrated

with ammonium thiocyanate solution to permanent redness. The
thiocyanate solution contains 4-752 g. per litre, and should

correspond exactly with the silver nitrate solution. If the number
of c.c. of ammonium thiocyanate required be denoted by a, then
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the percentage of sulphur in the p}-rites cinders is given b\- the

2 ; - rt

expression -^—

.

Copper is estimated in the Duisburg works as described on p. 285,

except that only i g. of the sample is employed, and solution effected by

h}'drochloric acid, to which a few drops of nitric acid have been added.

Further, no deduction for bismuth and antimony is made from the

weight of copper obtained by electro-deposition.^

List- ignites 5 g. of the cinders with 5 g. of sodium bicarbonate in

an iron crucible, a treatment which renders the iron oxide readily

soluble in strong h}-drochloric acid. The copper in the solution thus

obtained is estimated as described under pyrites (p. 285).

Iron. 0-5 g. of the burnt ore is taken, and the iron brought into

solution by prolonged warming with strong hydrochloric acid ; the

boiling solution is then reduced b\- zinc free from iron, or, more con-

veniently, by stannous chloride, any excess of which is removed by the

addition of a small quantity of mercuric chloride. The ferrous chloride

solution so obtained is poured into 500 c.c. of water, to which have been

added about 2 g. of manganese sulphate, coloured pink by one or two

drops of potassium permanganate solution. The iron content is arrived

at by titration with Ay 10 potassium permanganate solution, of which

each I c.c. equals 0-0056 g. Fe, or, on 0-5 g. of burnt ore, I-I2 per cent,

of iron.

Zinc Blende.—Experiments by Lunge have shown that the Watson-

Lunge method (p. 295) for the determination of sulphur in burnt ore

is not applicable to roasted blende ; subsequent investigations by

Lunge and Stierlin^ have, however, proved that the oxidation can be

satisfactorily effected by the addition of potassium chlorate to the

sodium bicarbonate. 3-206 g. of the finely powdered and sieved sample

are mixed with 2 g. of sodium bicarbonate and 2 g. of finely powdered

potassium chlorate and heated for thirty minutes in a nickel crucible

over a flame 3 to 4 cm. high, the tip of which is 2 to 3 cm. from the

bottom of the crucible ; after this interval the heating is continued for

a further twenty minutes with a bigger flame, so that the bottom of

the crucible is reached by the tip, and finally for ten minutes more with

a still stronger flame, so that the bottom of the crucible is red hot,

but care being taken that the contents do not fuse. The mass is then

extracted and titrated as described under the Watson-Lunge method

(p. 295). The method can also be applied to unburnt (green) zinc

blende, if 2 g. of sulphur-free oxide of iron be added to the above

mixture for the decomposition.

As an alternative the sulphur ma}- be estimated gravimetricall}-,

^ Cf. Fresenius, Z. anal. Chem., 1877, 16, 338. - Z. angeu: Chem.^ 1903. 16, 416.

^ Z. angew. Chem.^ 1906, 19, 21.
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following the method described under raw blende (p. 289). The
precipitation of the iron b)- ammonia ma}- be omitted in the ordinary

routine testing at works.

Hassreidter and van Zu}'len ^ reduce the sulphates formed with

stannous chloride, and estimate the sulphur from the sulphuretted

hydrogen obtained, b}- passing it into brominated h\-drochloric acid.

A rough guide to the progress of the calcination consists in treating

the calcined ore in a flask with 10 c.c. of h\-drochloric acid (1:2) and
testing the evolved gas with neutral or slightly alkaline lead acetate

paper; the extent of the calcination is judged by the degree of

darkening obtained.'- This test is emplo}-ed b)- the foreman in the

furnace room.

Zinc is estimated as on p. 289.

II. Examination of the Kiln Gases

This examination extended formerly only to the determination of

the percentage volume of sulphur dioxide in the gases, and was usuall}-

carried out according to Reich's method,^ the apparatus recommended
by Lunge being as a rule employed (cf infra). It has, however, been
proved that the kiln gases always contain sulphuric anhydride, which

may either be useful, as in the manufacture of sulphuric acid, or

harmful, as in the preparation of sulphite liquor for use in the wood-
pulp industry. The quantit}- of sulphur trioxide present may reach 10

per cent, of the sulphur content of the gas, and as it is not estimated

in Reich's method of testing, the conclusions drawn as to the proper-

ties of the gas from the determination of the sulphur dioxide alone,

may be quite erroneous, as has been shown by F. Fischer^ from other

considerations.

Lunge '^ consequently recommends the estimation of the total acidity

in the gases, that is, SO^+ SOo, by passing them through a solution of

sodium hydroxide, coloured by phenolphthalein, until the colour dis-

appears, instead of merely passing them through iodine solution. Other
indicators are not suitable

;
phenolphthalein is the only one which

indicates the simultaneous formation of sodium sulphite and sodium
sulphate from the mixed gases {cf. pp. 65 and 72). In the manufacture
of sulphuric acid the Lunge test is generally sufficient for works
purposes ; Reich's test may, however, if desired, be employed in

1 Z. atigeif. Chem., 1905, 18, 1777 ; 1906, 19, 137.
- Meyer, Z. angeu: Chem., T894, 7, 7392.
•' F. Reich, " Die lisherigen Versuche zur Beseiligung des schadlichen EinJIusses des Hiitten-

rauchei bei den fiskalischen Hiitteim^erken zu Freiberg, Freiberg, 1858." Special reprint from
Berg and Hiitten Zeitung ; cf. also Winkler, Tndustriegase, vol. ii., p. 350 ; and, Lunge, Sulphuric

Acid and Alkali, vol. i., p. 402.
•* Dingl.polyt.J., 1885, 258, 28. 5 z. angeu: Chem., 1S90, 3, 563.
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addition. Both tests should be carried out in the preparation of

sulphite liquors, and also when the kiln gases are worked for sulphur

trioxide and only the residual sulphur dioxide goes into the lead

c^iambers.

Reich's method for the estimation of Sulphur Dioxide.—The
kiln gases are dra^n by means of an aspirator through \^•ater to which a

measured quantity of iodine and starch solutions have been added.

The end of the reaction is indicated by the disappearance of the blue

colour. The volume per cent, of sulphur dioxide in the gases is cal-

culated from the quantity of iodine solution employed and the volume

of water aspirated, this latter being the equivalent of the non-absorb-

able portion of the gas.

The arrangement of the Reich apparatus, as modified b\' Lunge, is

shown in Fig. 122.

The bottle A has a capacity of about 200 c.c, B a capacity of

1000 c.c. After removal of the rubber stopper d, A is filled with dis-

tilled water to about a quarter of its capacity, and starch solution, sodium

bicarbonate, and sufficient iodine solution to produce a strong blue

coloration added. The sodium bicarbonate increases the absorptive

capacity of the iodine solution and at the same time overcomes any

irregularity likely to occur in the course of the reaction. The bottle B
is filled almost completely with water, and the cork c is then fitted in the

hole specially made in the gas-main for the purposes of the test.

It is first necessary to test whether the apparatus is perfectly tight.

With this object the spring clip ;;i is closed and the clip t opened ; the

water should then only flow for a very short time. Should the water

continue to flow the apparatus is not air-tight, and the leak must be

located and repaired.

The rubber tubing /^ and the tube a are then filled with the kiln gas

to be examined. To effect this the clip ;// is opened and then the clip z

sufficiently to allow the water to flow slowly out and the gas to enter in

single bubbles through a and rise to the surface of the liquid. As soon

as decoloration takes place the clip / is closed and 10 c.c. of yV/zo iodine

solution added through the opening d.

Before starting a test, the gas to be examined must first be syphoned

to the lower end of the tube a, so that the air contained in the

vessel A may be at the same pressure as that obtaining in the subse-

quent operation. This is done by cautiously opening the clip / until

the kiln gas is drawn to the desired point. This clip is then closed

quickly, the water collected in C thrown away, and the measuring

cylinder again placed in position. The clip / is then opened with the

one hand and the flask A shaken with the other until the colour of the

solution disappears, when the clip is closed and the volume of the water

collected is read.
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The reaction proceeds according to the equation :

—

2I + SO, + 2H0O = 2HI + H2SO,.

Consequently the 10 c.c. of iodine sokition e'mplo}-ed ( = 0-12697 g. I)

Fig. 122.

correspond to 0-03203 g. SO,, or to 10-93 c.c. of SO., measured at 0°

and 760 mm. Assuming that 128 c.c. of water have been collected in
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any one determination, this corresponds to 128 c.c. of non-absorbable

gas drawn through the iodine sokition. The total vokimc of gas

aspirated is, therefore, 128+ 10-93 = 138-93 c.c, and the percentage

volume of SO^ :

—

10. 9'? X 100 o—~ ^ 8 per cent.
138.93

This calculation is avoided by making use of the following table :

—

Cubic Centimetres
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\

Lunge employs the absorption bottle shown in Fig. 123, both for

this test and for that of Reich. It has a capacity of 410 c.c, and is

charged with 230 c.c. of water, 10 c.c. of iV 10 sodium hydroxide solution,

and 3 drops of phenolphthalein solution, for the total acidity determina-

tion. The gas is not aspirated continuously, as described above, but

intermittently in such fashion that a volume of gas, much smaller

than the free space in the bottle, is syphoned over, allowed to stand

over the solution, shaken for about half a minute, then a further

quantity of gas drawn over, and so on. A longer period of shaking is

especially necessary towards the end of the

absorption, and it is advisable to place a white

ground below the flask to facilitate the observa-

tion of the colour change.

In the Thirty-fourth Report of the Inspector

for Alkali Works (1897, p. 22), an absorption

flask is described which gives good results even

in the most difficult cases, such as for example,

the absorption of acid fog. It cannot be used

for iodine solution, owing to the presence of

rubber, but it is very suitable for the Lunge
test, for the estimation of hydrochloric acid gas,

and in many other cases. The apparatus is

shown in Fig. 124 in half the actual size. The
flask is fitted with a rubber stopper provided

with an inlet- and exit-tube as shown. The
former is 8 mm. wide, closed at the bottom,

and pierced with a number of small holes,

through which the gas passes to the double

bulb, which is attached by means of a rubber

stopper. The upper bulb is filled with small

cuttings of rubber tubing, which are kept in

motion by the stream of gas, which is thus

brought into very intimate contact with the absorbing solution ; the

lower bulb is open at the bottom. The success of the apparatus

depends largely on the correct dimensions being adhered to. The
lower opening of the double bulb is 6 mm. in diameter, the lower bulb

15 mm. and the upper 18 mm. in diameter, and the upper opening

through which the inlet-tube passes 13 mm. wide. The gas passes

from the bulb into the flask through several small hples, and finally

leaves it through the exit-tube, which is narrowed below and widened

above to form a cylindrical chamber ; the lower, narrow portion is

filled with the rubber rings and the upper, wider portion with glass

wool. When used for the absorption of acid vapours, the exit-tube

is moistened with water coloured by methyl orange, which serves
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to indicate whether complete absorption is being effected in the

bottle.

Lunge ^ has proposed to determine the acidity of kiln gases by

measuring their specific gravity, a method which might be developed

to give a continuous graphic record of the operation of the furnace.

Differences of i per cent, of sulphur dioxide by volume affect the value

of the specific gravity in the second decimal place, those of o-i per cent,

in the third decimal place. Such measurements might be made by

a modification of the Lux gas balance, which, however, as at present

constructed is not suitable for use with acid gases, or by the aid of

F. C. Miiller's'' method of determining the density of gases. The
"Ados" apparatus {cf. p. 190) for the examination of flue gases might

also be employed ; this proposal, however, does not appear to have

been worked out.

III. Finished Products

These comprise, firstly, solutions of sulphurous anhydride in water,

which, although seldom appearing on the market, are frequently

obtained as intermediate products in many works, as for example, in

Hanisch and Schroder's process for the preparation of liquid sulphurous

acid ; secondly, liquid anhydrous sulphur dioxide; thirdly, the "sulphite

liquor" of the wood-pulp industry, a solution of calcium or magnesium

sulphite in aqueous sulphurous acid containing more or less sulphuric

acid.

Solutions of Sulphurous Acid.—The determination of free sulphur-

ous acid, or of that present as bisulphite, may be made acidimetrically

by titration with normal alkali hydroxide solution, bearing in mind the

behaviour of the indicator employed. Of the ordinary indicators, litmus

is quite unsuitable, phenolphthalein gives the colour change to red, when

the normal salt, Na.,S03, has been formed, whilst with meth}-l orange

the change to yellow corresponds to the formation of the acid sulphite

NaHSOo (cf. p. 65). In the absence of other acids (for example,

sulphuric acid, which, if present, may be detected by barium chloride

in hydrochloric acid solution), each i c.c. of normal alkali used will thus

correspond to 0-03203 g. SO.,, when phenolphthalein is used as indicator,

and to 0-06406 g. SO.j when methyl orange is employed. Should free

sulphuric acid or other strong mineral acid be present, the sulphurous

acid may be determined along with the stronger acid, by titrating two

portions, the one with methyl orange, and the second with phenol-

phthalein as indicator. Less normal alkali will be used in the first than

in the second case, in accordance with the behaviour of the two

indicators towards sulphurous acid. The difference between the

number of the c.c. used in the two cases, multiplied by 0-06406, gives

1 Z. angew. Chem., 1890, 3, 567. - Ibid., 513.
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the quantit}' of free sulphur dioxide in grams ; the remaining alkali

corresponds to the free strong mineral acid.

An alternative method of estimating free sulphurous acid in the

presence of other free non-reducing acids, consists in running the acid

into iodine solution, observing the precautions given on p. 113. One
c.c, Njio iodine solution corresponds to 0-003203 g. SO... Air-freed

water must always be used for dilution in this method.

Pure aqueous solutions of sulphurous acid may also be tested by
determining the specific gravity ; further information on this point

will be found in Lunge's SulpJiuric Acid and Alkali} The following

table, published by Giles and Shearer,"^ gives the specific gravities of

solutions containing from 0-99 to 13-09 per cent. SO.,.

Specific
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If the quantity of sulphurous acid present in a solution exceeds that

necessary to form bisulphite, the solution is first titrated with normal

sodium hydroxide and methyl orange until the red colour changes,

phenolphthalein is then added, and the titration continued till the

coloration is formed. Each i c.c. of the alkali required with methyl

orange corresponds to 0-06406 g. SOo in the free condition, and each

further c.c. required for the subsequent titration with phenolphthalein

to 0-06406 g. SOo present as NaHSO^, or half this quantity = 0-03203 g.

as "half-free" sulphurous acid.

Sulphite Liquors for the manufacture of Wood-pulp.—The

following estimations are necessary :

—

1. Total content of snlpJiurous acid. The sulphite solution, which

usually contains about 50 g. of sulphur dioxide per litre, is preferably

diluted to twice its volume and the diluted solution allowed to flow

from a burette into 25 c.c. of an acidified A^/iO iodine solution until the

colour is discharged {cf. p. 116). The volume of the iodine solution

employed oxidises 0-080075 g. SOo, consequently the volume of sulphite

liquor used for the titration contains this total amount of free and fixed

sulphur dioxide.

2. Content of Jialf-free and offree snlpJiurous acid, that is, all sulphur

dioxide over and above that required for the formation of calcium

sulphite and which is present in the half-free condition as acid sulphite

or as free sulphur dioxide in solution, in the liquor. The quantity-

present is arrived at by titration with normal sodium hydroxide solution,

using phenolphthalein as indicator. Each i c.c. alkali used corresponds

to 0-03203 g. SOo in the half-free or free state.

NITRIC ACID MANUFACTURE

Chili saltpetre is the only raw material employed in this industry,

which is dealt with in this section. Sulphuric acid and the testing of

the various waste acids from the manufacture of nitrobenzene, nitro-

glycerin, pyroxylin, etc., which are frequently used in the nitric acid

industry, are described in a subsequent section.

Chili Saltpetre

Chili saltpetre should contain at least 95 per cent., and the better

qualities 96 to 98 per cent, of sodium nitrate. In addition to this there

may occur potassium nitrate,^ occasionally up to 9 per cent, sodium

chloride, sodium sulphate, sodium iodate, sodium perchlorate, and

1 Cf. Lunge, Chem. hid., 1886, 9, 269 ;
Hagen, Chem, Zeit., 1891, 15, 1528 ;

and, Z. angeu:

Chein., 1893, 6, 495 and 698,
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insoluble matter ; also, in exceptional instances, sodium carbonate,

magnesium sulphate, and salts of the heavy metals.

Of these substances the following are usuall}' onh' tested for qualita-

tivel}\

Potassmui detected b}' platinic chloride.
,

lodates. According to Beckurts,^ the solution is acidified with

nitric acid and potassium iodide starch solution added ; the method
will detect ^\jj mg. of iodic acid in i g. nitre. Or the iodic acid giay

be reduced by zinc and the iodine liberated b\' heating with strong sul-

phuric acid, the solution diluted and shaken with carbon bisulphide,

which will extract an}' iodine present, giving a rose-red solution.

Bromine, under similar conditions, colours the carbon bisulphide

)'ellow to reddish yellow.

Sodium percJdoratc, the presence of which was first recognised by
Beckurts,- and has since been repeatedly confirmed, is, according to van

Breukeleeven,^ most easily detected by a micro-chemical test. This is

carried out by adding a little rubidium chloride to a few drops of a con-

centrated filtered solution of the saltpetre placed on a glass slide.

Permanganate is added to the solution to the production of a wine-red

colour, and the solution evaporated till single cr}'stals form, when
the object glass is placed under the microscope and examined to

see whether, in addition to the colourless cr}^stals of sodium nitrate,

the reddish-violet crystals of rubidium perchlorate are also present.

H. Fresenius and Bayerlein'* recommend this method.

Commercial Assay of Saltpetre

In commercial dealings in Chili saltpetre an indirect method of

valuation has been generally employed until quite recently, and is still

used to a considerable extent for the large shipments to England and to

Hamburg.
According to this method only the percentages of moisture, sodium

chloride, sodium sulphate, and matter insoluble in water are determined,

the sum of these being called the refraction ; it is assumed that all the

rest is actual nitrate. This method'' cannot in any way be looked upon

as accurate, and may lead to considerable error.

For example, the method quite overlooks an}' potassium nitrate

which may be present {cf. p. 306), and which, even in refined nitre,

may reach several per cent. Since the nitrate is employed for the

manufacture of nitric acid, explosives, etc., the higher nitrogen content

of sodium nitrate as compared with that of the potassium compound is

1 Pharm. Cetitr., 1886, 233. ^ Chem. Centr., 1898, I., 960.

- Fischer sJahresber., 1886, 305. * Z. anal. Chem., 1898, 37, 501.

' Cf. Alberti and Hempel, Z. angeu: Chem., 1892, 5, lOi.
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the chief consideration, and it cannot be a matter of indifference to the

manufacturer whether he, for instance, receives 9 per cent, potassium

nitrate in place of 9 per cent, sodium nitrate, or whether a lot which,

according to the analytical results shows 96 to 97 per cent, of sodium
nitrate, on testing with the nitrometer is found to contain only 94 to 95
percent. In addition, the "refraction method" also includes as nitrate

any perchlorate which is present.

Complete Analysis, with exception of the Deter-
mination OF Nitrate and Perchlorate

Moisture.—o- 8 g. of the well-mixed and coarsely powdered sample

is weighed into a platinum crucible, and cautiously heated over a

small flame, so as to just fuse the nitrate ; with a little practice it is

easy to hit off this point exactly without it being necessary to observe

the temperature. The crucible and contents are then allowed to cool

in a desiccator and weighed ; the heating is repeated at the same
temperature, to make certain that constant weight has been reached.

Or 10 g. of the nitrate are dried in the air-bath at 130°, until the

weight is constant.

Insoluble Matter.—Fifty g. of the saltpetre are weighed into a

beaker on a balance turning to 0-05 g. The sample is dissolved in

water and filtered through a filter paper previously tared against a

similar paper (p. 28) ; the washed residue and the tare are then dried

together and weighed.

Should the insoluble residue appear to contain appreciable quantities

of organic matter, the latter is determined approximately by igniting the

filter paper and insoluble residue. The previous drying of the residue

is, in this case, preferably done at a higher temperature, say 120° to 130°,

since otherwise there will always be a small difference between the

weight obtained by drying at 100 and that got by ignition, even in

samples perfectly free from organic matter.

Chlorine, Sulphuric acid, Calcium, Magnesium, and Sodium car-

bonate.—Five g. of the sample are placed in a filter paper standing

over a 500 c.c. flask, and dissolved by addition of boiling water ; any
sand remaining on the filter after washing is complete, is ignited and

weighed. The filtrate when cold is made up to 500 c.c, and of this

solution 50 c.c. are taken for the determination of chlorine by titration

or precipitation with silver nitrate (p. 123), the result being calculated

to sodium chloride. A further 50 c.c. are heated to boiling, and pre-

cipitated with barium chloride, the resulting barium sulphate filtered

off, weighed, and calculated to calcium sulphate. To estimate the

calcium and magnesium, 20 g. of saltpetre are dissolved in 1000 c.c. of

boiling water, and the calcium estimated by the addition of ammonium



CHILI SALTPETRE 309

oxalate to 500 c.c. of this solution, the magnesium in the remaining

500 c.c. by addition of ammonium phosphate. The sodium carbonate

is obtained either by difference, or by dissolving 20 g. of the sample

in water, making up to 1000 c.c, and treating 100 c.c. of this solution

with sulphuric acid, evaporating to dryness, anc^ igniting until the

weight of the residue is constant. The sodium carbonate is calculated

from the weight of sulphate so obtained, after making allowance for

the calcium and magnesium sulphates present. Any potassium present

must also be allowed for.

Potassium.—Potassium was formerly estimated indirectly by con-

verting the bases into sulphates, but the method leads to very uncertain

results when, as in this case, one of the constituents is present in

only very small proportion.

A much more exact method consists in repeated evaporation of

the saltpetre with strong hydrochloric acid and precipitation with

platinic chloride, as described in the section on " Potassium Salts."

The potassium is calculated to potassium nitrate, one hundred parts

of which are equivalent to 84-09 parts NaNO^.

The Estimation of Nitrate

Numerous methods, of very unequal value, have been proposed for

the estimation of nitric acid in saltpetre. These are grouped together

in the following list as arranged by Bockmann, with several additions

of recent date ; it is essentially a summary, and does not make any

pretence to be complete.

I. Methods depending on Reduction to Nitric Oxide.

A. By measureiiicut of 7iitric oxide, i. Lunge's nitrometric method

(p. 315 ; Literature, p. 132).

2. The method of Schlosing-Grandeau^ as improved by P. Wagner-

(P- 1^7)-

B. Volumetric dcterniination of the nitric acid obtained on oxidising

nitric oxide with hydrogen peroxide. Wilfahrth's method.^

C. Reduction by ferrous salts and subsequent titratio7t ivith perman-

ganate solution. Method of Pelouze and Fresenius.

II. Reduction to Ammonia in Alkaline Solution.

There are man}' modifications of this method, of which the following

may be mentioned :

—

I. Stutzer's method.^ Reduction by sodium hydroxide and aluminium

1 Agrikulturchem. Analyse^ p. 31. -^ Z. aital. C/ieni., 18^8, 27, 41 1.

'^ Cheiii. Zeit., 1SS3, 7, 1710; 1884, 8, 475.
"* Z. aiigfic. C/ieni., iSgo, 3, 695.
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wire. Aluminium prepared by the old method of manufacture is the

only kind suitable, and this has ceased to be an article of commerce.

2. Sievert's method.^ Reduction with zinc dust and iron powder
in alcoholic potassium hydroxide solution.

III. Reduction to Ammonia in Acid Solution.

1. Ulsch's method.^ Reduction by ferrum reductum, and dilute

sulphuric acid with subsequent distillation, after rendering alkaline

with sodium hydroxide solution. The method is described on p. 311.

2. Schmitt's method.^ Reduction by a mixture of zinc and iron

dust in acetic acid solution.

3. Hildesheimer's modification^ of Jodlbauer's method. Reduction

with phenolsulphuric acid, zinc dust, and mercury.

4. Forster's method.^ Reduction with sulphosalicyllc acid, sodium
thiosulphate, and mercury.

5. Ulsch's electrolytic method.''

6. Ingham's electrolytic method.
'^

IV. Reduction to Nitrous Acid.

Gantter's method.^ Reduction by phosphorous acid, and measure-

)gen evolved on heatingment of the nitrogen evolved on heating; the resulting ammonium
nitrite.

V. Estimation of Nitric Acid by means of the Hydrogen Deficit.

Ulsch's method.'' A measured quantity of sulphuric acid is allowed

to act on strongly coppered iron alone and, separately, upon the couple

together with the nitrate solution ; the hydrogen evolved in the two

cases is measured in the nitrometer and the volumes compared.

VI. Decomposition with Hydrochloric Acid.

1. Forster's method.^^ Two to 3 g. of the saltpetre, dried at. 150 , are

evaporated with 25 c.c. of 19 per cent, hydrochloric acid three times

successively in a roomy porcelain crucible on the water-bath, and the

resulting chloride dried at 1
50" and weighed. The nitrogen equals the

loss in weight of the dried saltpetre x 0-5283.

2. Gowan's method.^^ Decomposition with h)'drochloric acid and

^ Cf. Fiicke, Z. angew. Chem., 1891, 4, 240.
'•^ Cheni. Centr., 1890, II., 926 ; Z. angew. C/iem., 1S91, 4, 241.

' Chem. Zeit., 1890, 14, 1410 ;
Z. aiigezv. CJteiii., 1891, 4, 240.

-* Sulhv;ikl, C/ieiit. Zeit.^ 1890, 14, 1674. ' /. Amer. Chem. Soc, 19:4, 26, 1241.
"' CAem. Zeit., 1889, 13, 229 ; 1S90, 14, 1674. " Z. ajiaL Chem,, 1895, 34, 25.

" Z. Elekirochein., 1897, 3, 546. « Ibid., 1891, 30, 175.
1" Chem. Zeit., 1890, 14, 509.

^1 Chem. News, 1891, 63, 245 ;
Z. augew. Chem., 1891, 4, 557.
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absorption of the resulting nitrosyl chloride and chlorine in potassium

iodide :

—

HX03 + 3HCI = Cl, + XOCl + 2HoO. (i HN03=3C1).

3. Bohlig's method.^ Decomposition with sulphuric and hydrochloric

acids, absorption of the liberated chlorine in potassium ferrocyanide,

and subsequent titration with permanganate.

4. Bensemann's method.

-

Vn. Ignition Methods.

1. Chromate method ] These methods are described on pp. 318

2. Silica method
J

and 319.

Vin. Combustion Methods with Soda Lime and other additions

(analagous to Will and Varrentrapp's method).

1. Arnold's method.-^ Ignition with soda lime, sodium thiosulphate,

and sodium formate.

2. Houzeau's method.^ Ignition with soda Hme, sodium thiosulphate,

and sodium acetate.

3. Boyer's method.-' Ignition with soda lime, calcium oxalate, and

sulphur.

IX. Precipitation by "Nitron."

Busch's method.*^ " Nitron " is the name given to the base i : 4
diphen}'l, 3 : 5 endanilodihydrotriazole ; it forms a nitrate which is

almost insoluble in water and which is suited for the detection and

determination of nitric acid.

This summary of the better-known n ethods for the determination

of nitric acid is included on account of the importance in industrial and

agricultural chemistry of an exact determination of the nitrate in salt-

petre. More detailed accounts of Ulsch's method, Lunge's nitrometric

method, Wagner's improved form of the Schlosing-Grandeau method,

and of the methods depending on ignition with potassium chromate and

quartz respectively, are given below.

Detailed description of the Chief Methods for the
Determination of the Nitrate in Saltpetre

Ulsch's Method, as modified by Bbckmann.

The modifications relate to the size of the flask used for the

reduction and for the subsequent distillation ; to more effective air-

1 Z. ancJ. Cheiiu, igoo, 39, 498. - Z. aiigen'. C/iem., igcG, 19, 471.

" Cfieiii. Zeit., 1885, 9, 715. -• IhuL, 998. ' Comptes rend., 1891, II3, 503.

•• Ber., 1905, 38, 856 and 861
;
/. Soc. Lfiem. hid., 1905, 24, 291 ; Gutbier, Z. augcw. Chem.^

1905, 18, 494.
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cooling, and avoidance of other methods of cooling in the distillation

;

to dispensing with the special bulb-tube intended to prevent alkaline

solution being carried into the distillate ; to rendering a back titration

unnecessary ; to the construction of the absorption vessel ; to the quantity

of the absorbing solution, and to the strength of the sulphuric acid

used for titration.

Also, the weights of sample taken for analysis, of sulphuric acid for

decomposition of iron powder, and of sodium hydroxide solution em-

ployed by Ulsch and Fricke are doubled. These latter changes had

previously been recommended by Alberti and Hempel.^ The essential

features of Ulsch's method remain unchanged.

The following solutions are required for the determination :—

i

Dilute sulphuric acid (i : 2). 2. Sodium hydroxide solution of sp. gr.

1-25, absolutely free from nitrogen compounds. 3. A^!^ sulphuric acid

or NjS hydrochloric acid prepared as described on p. 86.

Twenty g. of each of the well-mixed average samples, ground

somewhat further in a porcelain mortar, are weighed out, dissolved in

water, and the solutions made to 1000 c.c.
; 50 c.c. (=i-o g. saltpetre)

of each solution are then run into a round-bottomed flask of at least

I litre capacity. The neck of the flask should be at least 10 c.c. long,

and of an internal diameter of 2f to 3 cm. One g. ferrum reductum

is added to the contents of each flask, and then 20 c.c. of the

diluted sulphuric acid (1:2); as a precaution, an ordinary glass

funnel is placed in the neck of each. The funnel is not absolutely

necessary, since, with flasks of the dimensions given, an\' loss b\-

spurting during the violent evolution of gas is almost impossible.

When the gas evolution has either ceased altogether or has become
very slow, it is accelerated by placing the flasks on sheets of asbestos

and heating by a small flame, so that the solutions reach a quiet

boil in about four minutes ; boiling is then maintained for about a

further six minutes, at the end of which time the reduction should be

complete.

The flasks are then allowed to cool slightly, in order that the

subsequent addition of water shall not crack the funnels, and after the

addition of about 150 c.c. of water, the solution is made alkaline by
the addition of 50 c.c. of the sodium hydroxide solution prepared as

above. At the same time a rapid rotary motion is given to the contents

of the flask, and any syrupy material adhering to the upper walls of the

flask is washed down by the aid of a wash-bottle. A pinch of zinc dust

is then added to each flask, and distillation carried out as follows :—The
distilling flask is placed on a sheet of asbestos card, supported on an

ordinary tripod, and the neck fitted with a rubber stopper, through

which a bent delivery tube passes for the escape of the gas ; Lunge
^ Z. angew. Che)ii., 1891, 4, 398.
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recommends the use of a bulb-tube. The vertical portion of this tube

should have a length of 14 to 15 cm., of which a good 10 to 12 cm.

is outside the stopper, whilst the downward portion leading to the

absorption dish should be about 7 cm. long, and connected by a piece

of rubber tubing about 10 cm. long to a second tube which dips into

the absorption dish, care being taken that the two tubes are held flush

together. This second tube is continued for about 7 cm. in the same

direction as the downwardly bent portion of the exit-tube from the

distilling flask, and is then bent at right angles and continued for a

length of 50 to 60 cm., when it dips into the absorption dish. This

is an ordinary earthenware dish, of about 800 c.c. capacity; it is

charged with about 250 c.c. of distilled water to which about two drops

of a somewhat strong solution of litmus have been added ; the solution

should be tinged a rather faint but distinct blue. A drop of the

standard sulphuric acid is then added to the contents of the absorption

v^essel from a burette standing over the latter, and the solution is tested

for neutrality by a piece of sensitive litmus paper (p. 79). When the

solution is neutral, which may necessitate the addition of a further

drop of acid, the burette is filled with acid to the zero mark and the

flask heated ; the contents, although thick and coloured greenish

brown, owing to separation of ferrous and ferric h}'droxides, distil

quietly and without bumping. Four distillations can be easily carried

out simultaneously, and due attention be given to the necessary

additions of acid from the burette. Should the nitrate content be

approximately known, as is frequently the case in works, so that 90

per cent, of the acid required for titration ma}- be added at the start,

six distillations can be attended to at the same time.

Instead of the Bockmann absorption vessel. Lunge prefers a Peligot

or other similar tube, in which the gas inlet-tube does not dip into the

acid used for absorption {cf. Fig. 125, p. 315) ; this avoids the risk of the

acid being drawn back into the distilling flask.

As soon as the acid solution has been neutralised by the ammonia
evolved in the distillation, any further ammonia that comes over is clearlx-

indicated by blue stream lines rising from the mouth of the inlet-tube

through the reddish-coloured solution. The latter soon assumes a bluish-

red colour, unless fresh acid is added from the burette. Even should this

take place, there will be no loss of ammonia, provided that fresh acid be

added at once, always taking care to maintain the solution as nearly

neutral as possible b\' testing with sensitive litmus paper. Towards

the end of the operation, the solution in the absorption vessel becomes

appreciably warm, but no loss of ammonia need be feared on this

account. Finally, when no further addition of standard acid from the

burette has been necessary for several minutes, the inlet-tube is removed

from the absorption vessel and, after making certain by the smell that
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the steam coming off is quite free from ammonia, the distillation is

interrupted.

With a distilling flask of the dimensions given, the surface of the

liquid is about i8 cm, below the gas exit-tube, and there is consequently

no danger of alkaline liquor being carried forward from the flask ; in

fact the water condensing on the inner end of the exit-tube always

shows a neutral reaction, as may readily be proved at the end of the

distillation.

Using Nj$ sulphuric or hydrochloric acid, each i c.c. corresponds to

0-01702 g. NaNOg, 0-02024 g. KNO3, 0-01081 g. N.^Og, or 0-01261 g.

HNO3. One g. pure NaNO^ consequently requires 58-75 c.c. of iV/5

acid.

Bockmann recommends the use of burettes of 100 c.c. capacity

graduated to ^V c.c. ; this, however, necessitates a very inconvenient

length. His proposal to use burettes of this capacity and graduated

to
21J-

c.c. is quite unpractical. Any great error in gauging the quantity

of sulphuric acid to be added may be avoided by making the other

determinations (refraction determination and potassium estimation, if

necessary) prior to the nitrogen test. Should these indicate that more
than 50 c.c. of acid are requisite, the full burette content of 50 c.c.

may be run into the absorption vessel before beginning the distillation,

the burette refilled, and the distillation started.

If the burette be read to 0-05 c.c, or preferably to 0-025 c.c, the

total error will not exceed ± O-i per cent, of the nitrate if due pre-

cautions are taken. This degree of accuracy can, however, only be

attained after considerable practice.

Vogtherr^ recommends the apparatus described below (Fig. 125) for

carr\'ing out this test. It was primarily designed for nitrogen deter-

minations by Kjeldahl's method, in which the digestion with sulphuric

acid is carried out without the use of a fume chamber, and in the same
apparatus as is used for distilling off the ammonia, and serves also for

the estimation of ammonia in ammonium sulphate and analogous

determinations.

A Jena glass Kjeldahl flask is fitted above with a glass bell accur-

ately ground in so as to be gas-tight, the bell being continued as a glass

tube bent first in a slightly inclined downward direction and then verti-

cally. The vertical portion is connected by a cork or rubber stopper with

a bulb-tube the lower open end of which dips below the solution in the

absorption flask. The long neck and the glass bell prevent spurting of

the liquid from the reaction flask, the pear-shaped bulb prevents the

sucking back of the liquid used for absorption, whilst the cork or rubber

connections employed are reduced to a minimum.
A drawback to this otherwise very satisfactory method lies in the

1 Chem. Zeit., 1902, 27, 988.
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fact that commercial ferrum reductum is not ahva}-s sufficiently pure,

and according to Brandt/ errors amounting to as much as o-8 per cent,

may arise from this cause.

Lunge's Nitrometric method.—The principle of this method, which

is due to \\ . Crum, was first rendered practically available by the intro-

duction of Lunge's "nitrometer" (p. 132). The method depends on

the fact that nitric acid, nitrous acid and their salts and esters, when
brought into intimate contact with mercury and a large excess of sul-

phuric acid are decomposed quantitatively, so as to yield the whole of

their nitrogen in the form of nitric oxide, the volume of which is

measured. The reaction is :

—

2HNO3 + 3H,S0, + 6Hg = 2NO + 3Hg,S0, + 4R,0.

In the analysis of saltpetre the bulb nitrometer (Fig. 45, p. 136) may be

employed. It is preferable, however, to carry out the decomposition of

the nitre with mercury and sulphuric acid in a special decomposition

vessel, as shown in Fig. 52 (p. 144), so that the gas measurement can be

made over dry mercur)-. The decomposition may be effected in the

^ Chem. Zeit., 1899, 23, 22.
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ordinary simple nitrometer, taking note of temperature and barometric
pressure, and reducing the gas volume obtained to normal (o' and 760
mm.), but it is more convenient to employ the gas volumeter (p. 138),

which allows the corrected gas volume to be read directly.

The quantity of nitre taken for the determination must be such that,

under the conditions of temperature and barometric pressure obtaining

at the time, not less than 100 c.c. and not more than 120 c.c. of

nitric oxide are evolved. This corresponds to about 0-35 g., a quantity
which has given rise to much adverse criticism of the method. So far

as such criticism relates to the accuracy of the actual determination it

may be dismissed, since a gas volume of over 100 c.c. is obtained, and
this volume can be read off with ease to 0-05 c.c. or even less, which
means an accuracy of at least i in 2000. This degree of accuracy is

not obtainable by any other method. There is more reason, however,
in the contention that a correct average sample cannot well be obtained

when so small a quantity as 0-35 g. is taken for the analysis. This
objection may be overcome if, as recommended by J. Stroof, 20 g. of the

nitre, dried at 1 10°, are thoroughly ground, and the exact average sample
taken from this again dried to constant weight.

When the bulb nitrometer without a decomposing vessel is em-
ployed, the operation is carried out as follows. The well-mixed finely

powdered sample, obtained as above described, is filled into a narrow,

marked weighing tube, and the tube corked and weighed. When filled

to the mark, the tube should contain about 0-35 g. substance.

The contents are then shaken into a previously prepared "saltpetre

nitrometer," that is, one of at least 130 c.c. capacity (p. 136), so that

the powder falls as far as possible on to the bottom of the glass cup.

During this operation the three-way cock must be in such a position

that none of its passages are open either above or at the side. About
half a c.c. of water is then poured in, and allowed to stand a short time
until the nitre is completely or nearly dissolved, when the solution and
crystals are drawn into the measuring tube by cautiously opening the

tap and lowering the levelling tube
; the cup is washed out with } or at

most I c.c. of water, and about 15 c.c. of strong pure sulphuric acid

admitted to the tube. If too much water is employed, that is, more
than ih c.c. in all, the sulphuric acid is rendered too dilute and a

persistent froth containing basic mercuric sulphate, is formed which
causes difficulty in reading. The reaction is brought about by
thoroughly shaking the acid solution with the mercury. The levelling

tube is then placed approximately at its correct height so as to avoid
any great difference of pressure and consequent error owing to leakage,

and the apparatus allowed to cool for at least half an hour. The tubes

are then accurately levelled, allowing one division of mercury for each
six and a half divisions occupied by the acid solution in the measuring
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tube, and the gas volume read off. To test whether the gas is actually

under atmospheric pressure, a few drops of sulphuric acid are poured

into the cup, and allowed to flow into the measuring tube by cautiously

opening the tap as described on p. 135.

The temperature and barometric height are read at the same time

and the gas volume reduced to 0° C. and 760 mm. pressure by means of

the tables. Each i c.c. NO corresponds to 0-0037986 g. NaNOo ; the

total volume x divided by the weight a taken and multiplied by 100

1 • 1 • i o-S7Q86,t'
gives the percentage content, which is thus = ^^^^-^— .

The nitrometer must, of course, be accurately graduated, and the

operator should satisfy himself that the readings are correct.

By this method.it is easy to obtain results agreeing to within 0-2 per

cent. Still greater accuracy may be attained with practice, certainly

to at least o- 1 per cent, by using a separate decomposing vessel and

transferring the gas to the measuring tube as described on p. 143.

The manipulation is much cleaner when working in this way ; also

several decomposing vessels may be operated at the same time and all

the gas volumes read off in a single measuring tube.

If a gas volumeter be employed, the reduction tube must, of course,

be set for dry gas, or if set for moist gas, the operation must be carried

out as described on p. 141, most conveniently by sucking a tiny drop of

water into the gas measuring tube.

Baskerville and Miller ^ have stated that mercury is attacked at

ordinary temperatures by sulphuric acid of sp. gr. 1-84 with the formation

of sulphur dioxide, and that this may give rise to errors in nitrometric

work. Pitman - has shown that this objection is groundless, and this

has since been admitted by the above authors ;
^ they now state that

such action only occurs with acid of 99 per cent, strength and not with

acid of 94 to 95 per cent, such as is generally used for laboratory work.

The view that the solubility of nitric oxide in the resulting solutions

may lead to appreciable error has been disproved by Lunge,"^ Nernst

and Jellinek,^ Tower,*^ and by Newfield and Marx.''

The Schlosing-Grandeau-Wagner Method.

This method depends upon the reduction of nitric acid to nitric

oxide, which is collected and measured.

The apparatus required for the determination consists of a flask of

250 to 300 c.c. capacity, closed by a double-bored rubber stopper and

furnished with a tap funnel of 15 c.c. capacity. The lower end of the

1 Chem. Centr., 1898, I., 85. ^ j^^^i^ jggs, I., 709. 3 jf,ij^^ 1898, II., 89.

* Ber.^ 1885, 18, 1391 ; 1886, 19, III. Chem. News, 1886, 53, 289.

5 Z. anorg. Chem,, 49, 219 and 236. ^ Ibid., 50, 382.
"•

J. Amer. Chem. Soc, 1 906, 28, 877.
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funnel-tube, which is fused together so as to contract the outlet, reaches

to the middle of the flask, but not to the solution. A tube, suitably

bent to dip into a glass dish containing well-boiled water, passes

through the second opening in the stopper and serves as the exit-tubs

for the liberated gas. The measuring tube, which is preferably pro-

vided with a glass tap at its upper end and graduated from the top

downwards in yV c.c, is supported above the dish in a clamp. Forty

c.c. of ferrous chloride solution, containing 400 g. per litre, and an equal

volume of well-boiled 10 per cent, hydrochloric acid, are introduced

into the flask and the contained air expelled from the apparatus by

continued boiling, care being taken that the funnel-tube always contains

hydrochloric acid. When all air has been expelled the gas exit-tube

is placed in position below the measuring tube and 10 c.c. of a normal

saltpetre solution, containing exactly 33 g. pure sodium nitrate per litre,

is introduced into the funnel-tube. The tap is then turned so as to

allow this solution to flow drop by drop into the boiling ferrous chloride

solution. When all but a small volume has been introduced the funnel

is washed out twice with 10 per cent, hydrochloric acid, which, like the

nitrate solution, is added drop by drop to the boiling solution in

the flask. The operation is finished when the evolution of nitric oxide

ceases. About 90 c.c. of nitric oxide should result under the foregoing

conditions. The measuring tube is removed and, supported by a small

dish containing water, cautiously transferred to a correspondingly tall

glass cylinder filled with water. A second measuring tube is then

brought into position and, without interrupting the boiling, a measured

volume of a solution of the nitre to be tested is introduced and treated

as above described, and so on with a third, fourth, and further tests as

required. When the several tubes have attained the temperature of

the cooling water the volume of nitric oxide in each is read off, after

raising the tube so as to bring the water inside and outside to the same
level. The content of each solution is obtained by comparing the gas

volumes evolved from the sample and from the standard solution re-

spectively. When carried out in this manner the method is very simple,

and may be recommended ; it requires, however, careful manipulation.

According to Liechti and Ritter,^ who have thoroughly investigated

Schlosing's method, good results are obtained even in the presence

of organic matter, for which purpose it was originally worked out; this

has, however, been disputed by R. Pfeiffer."

Method by Igriition with Potassium Chromate or with Silica.

To the dried o-8ooo g. of substance used for the moisture determina-

tion (p. 308) are added approximately ^ g. of a previously fused and,

after cooling, finely ground mixture of equal parts of bichromate and

' Z. anal. C/iein., 1 903, 42, I.
'^ Ibid., 61 2.
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neutral chromate of potassium, and the whole heated, at first gradualh-

and finall}- more strongly till the mass melts uniformly. ^ The loss in

weight = X20-. This method can only be used if the sample is quite

free from alkaline carbonates. An alternative method is to ignite a

mixture of 2 g. of the salt with about seven times its weight of ignited

silica free from carbonates, for from two to four hours at a good red

heat.

Pauli 1 recommends this method, but Alberti and Hempel- together

with most other authorities do not consider it sufficiently trustworth\-.

The method cannot be employed in the presence of perchlorate.

The conclusions drawn by Alberti and Hempel, and which ha\e

been amply corroborated, are :

—

1. The indirect method of examining Chili saltpetre ("refraction"

determination), at present very generally employed, should be abolished.

The results obtained are extremely inaccurate, and the method cannot

be justified from the chemical standpoint.

2. The dii-ect methods of determining the nitrogen in Chili salt-

petre by means of Lunge's nitrometer, by the process of Schlosing

and Grandeau as improved by Wagner, and by Ulsch's method, give

accurate results, and the introduction of one of these methods is to be

advocated.

3. In the case of Chili saltpetre intended for agricultural use, the

results should be expressed on the basis of the nitrogen content onl\-
;

calculation to sodium, nitrate is incorrect, and should only be made
exceptional!}' and under reserve.

4. In saltpetre intended for industrial use, the impurities should be

estimated in addition to the nitrogen, and an exact analysis, taking

account of the potassium compounds present, is necessar}-.

Estimation of Perchlorate

Sodium perchlorate is directly injurious in many of the applications

of saltpetre. It occurs practically in all shipments of Chili nitre, and its

presence must always be taken into account. A method for its qualitative

detection has been described on p. 307.

All methods for the estimation of the perchlorate are based on a

determination of the chlorine present as chloride in the sample, the

conversion of perchlorate to chloride in a second portion of the material,

followed by a determination of the total chlorine then present as chloride
;

the difference between the two tests represents the perchlorate.

The conversion of the perchlorate to chloride may be effected by
simpl}' heating for a sufficient length of time, whereby the oxygen of

an)' perchlorate present is driven off.

1
J. Soc. Chein, Ind., 1897, 16, 494. - Z. a/igeu: Chem., 1892, 5, 103.
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Sjollcma^ and Freytag- have given detailed instructions for carrying

out the estimation on this principle.

According to Selckmann/^ the method is both slow and uncertain,

and he recommends fusing 5 to lo g. of the nitre, the chloride content of

which has been determined, with three to four times its weight of lead

shavings in a porcelain crucible of 40 to 50 c.c. capacity, gradually

increasing the heat, and stirring with a copper wire ; finally, after ten

to fifteen minutes heating, raising the temperature until the bottom

of the crucible is at a dark red heat, at which it is maintained for one to

two minutes. The melt is then soaked in hot water, the lead chloride

decomposed by warming with sodium bicarbonate or h}-droxide solution,

the solution filtered, and the chlorine estimated gravimetrically as silver

chloride.

Honig"* finds that good results may be obtained with finely divided

iron (ferrum limatum). Two to 3 g. of the iron are added to 5 to 10

g. of the fused nitre, in a nickel crucible, and the mixture heated for

half an hour without bringing the temperature of the crucible to

appreciable redness.

Erck^ proposes to first decompose the chloride by boiling with

nitric acid of sp. gr. 1-4, and alcohol, and then to convert the perchlorate

into chloride by ignition.

Winteler^ has pointed out various sources of error in the earlier

methods. He finds that fuming nitric acid will quantitatively reduce

perchlorate to chloride at 200° in a sealed tube. Any chloric acid

originally present must, however, be removed by evaporation with

hydrochloric acid.

O. Forster '^ recommends the following method as universally appli-

cable. Ten g. of the nitre, the chloride content of which is known, are

mixed with an equal quantity of sodium carbonate, free from chlorine,

and heated in a covered platinum dish, or in a roomy porcelain crucible

over the full flame until the melt becomes perfectly fluid and only small

bubbles are given off; this should be effected in ten minutes. The
product is then dissolved in nitric acid, and the chloride estimated in

the usual manner.

Blattner and Brasseur^ first estimate the chlorine present as chloride,

and then heat a mixture of 5 to 10 g. of the nitre and 8 to 1 5 g. of calcium

hydroxide, free from chlorine, over a Bunsen burner for fifteen minutes,

allow to cool, dissolve in nitric acid, and estimate the total chlorine by

any suitable method. Calcium hydroxide is to be preferred to an alkaline

carbonate or hydroxide, on account of the greater ease in manipulation,

1 Chem. Zeit., 1896, 20, 1002. ^ Ibid., 1897, 21, 21.

2 Chem. Centr., 1898, I., 1203 ; Z angew. Chem., 1898, II, I02I. " Ibid., 75.

3 Z. angew. Chem., 1898, II, loi. ' Ibid., 1898, 22, 357.

4 Chem. Zeit., 1903, 27, 32. * Ibid., 589.
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Various authorities recommend an addition of native peroxide of

manganese (pyrolusite) for the better decomposition of the pqrchlorate.

This was first proposed by HelHch.^ Ahrens and Hett- heat the nitre

with sodium carbonate and chlorine-free manganese dioxide, to facilitate

the decomposition of the perchlorate, to fusion and redness, treat the

solution of the melt with nitric acid and potassium permanganate to

permanent coloration, and estimate the chloride by Volhard's method.

C. Gilbert, in a brochure entitled Mcthoden zur Bcstiniuiuiig des

PercJilomts (Tubingen, 1899), gives the following directions for carrying

out the pxTolusite method :—Twenty-five g. of nitre are dissolved in

water, made up to 250 c.c, and the chloride determined by titrating 50

c.c. of the filtered solution with silver nitrate (i c.c. = o-Oi g. NaClj and

potassium chromate (see p. 123). A second 25 g. of the nitre, preferably

after the addition of 2-5 g. of the purest powdered pyrolusite (Merck's),

is heated for half an hour at 540' in an air-bath in a nickel crucible

fitted with a deep concave lid, and having a capacity of 70 c.c. The
aqueous solution of the melt is then made up to 250 c.c, filtered, and the

chlorine again determined as above. The air-bath recommended is that

designed by Lothar Meyer ; it will hold from three to six crucibles, and

should be fitted with a gas regulator and a Le Chatelier pyrometer or

thermometer reading up to 570" (p. 174). Dupre^ proceeds in essentially

the same manner, omitting, however, the pyrolusite, but heating 20 g.

of the sample for one hour at 545' in an air-bath of the type recom-

mended by Gilbert. Instead of a pyrometer, a covered nickel crucible

may be used in which is placed a platinum crucible, resting on a layer

of asbestos paper, and containing about i g. of potassium perchlorate.

By observing, after the completion of the heating, whether the residue

in the platinum crucible fuses without an>' appreciable evolution of gas,

a gauge of the temperature emplo)'ed is obtained. The chloride may
also be determined by Volhard's method (p. 123), or gravimetricalls\

Should iodate be present, Ahrens and H. Gilbert effect the fusion

with addition of sodium carbonate. Twenty g. of the dried nitrate are

thoroughly moistened with 2 to 3 c.c. of a concentrated solution

of sodium carbonate, i g. of pyrolusite added, the mixture dried and

maintained in a state of fusion at a low red heat for fifteen minutes.

The solution of the melt is then oxidised with potassium permanganate

solution, and the chlorine determined by Volhard's method.

Recently, sodium chlorate as well as perchlorate has been detected

in Chili saltpetre, and methods for its estimation have been devised.

In the examination of 107 samples of nitre, Marcker'* found the per-

centage of perchlorate present to vary from 0-27 to 5-64, with a mean
value of 0-94 per cent., and in addition o-i to i-o per cent, of chlorate, as

^ Cliem. Zeit., 1894, 18, 485. - Cheuj. Ceiih:, 1898, II., 558 ; Z. angm. C/um., 1S98, II, 1020.

^
J. Soc. Clieiii. Ind., 1902, 21, S25. * C/icm. Centr., 1S98, II., 925.

X
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determined by the method then in vogue. The presence of perchlorate

is regarded as objectionable in nitre intended for agricultural purposes,

and although the practical investigation into the extent of the injury it

may cause has not yet been concluded, it has been suggested that the

maximum quantity to be allowed should not exceed li per cent.

Mennicke^ estimates a mixture of chloride, chlorate, and perchlorate

in the following manner, (a) The nitre is ignited with addition of alkali

hydroxide or carbonate to convert all the chlorine compounds to chloride,

which is determined. (/^) Chloride and chlorate are estimated by gently

boiling 5 g. of the nitre with lo g. of zinc dust (free from chlorine), and

150 c.c. of I per cent, acetic acid for half an hour, filtering and determin-

ing the chloride, (c) The chloride originally present in the nitre is

determined directly. This method has shown the presence of appreci-

able quantities of chlorate.

Blattner and Brasseur"- treat a solution of 5 to 10 g. of the nitrate

with excess of sulphurous acid, either as gas or in solution, thereby

reducing only the chlorate and not the perchlorate, drive off the excess

of sulphur dioxide by boiling, and saturate the warm solution with

calcium carbonate. The chloride is estimated in the cold, filtered

solution in the ordinary manner, and the chlorine present in the sample

as chlorate is obtained by deducting from this value that of the chloride

originally present in the nitre. The total chlorine is determined by
igniting the saltpetre with calcium hydroxide as described above, and
the perchlorate arrived at by difference.

Arnould^ has described the following method, which is employed in

the French Government laboratory. The chloride originally present is

precipitated by the addition of neutral silver nitrate solution and filtered

off; the chlorate in the filtrate is reduced by warming this to 90", and
adding an excess of lead nitrite, prepared by simply shaking lead nitrite

with water and without filtering ; any cloudiness due to the nitrite

is removed by the addition of a few drops of dilute nitric acid. If any
opalescence persists after this treatment, chlorate is present, and the

amount is estimated by comparison with similarly prepared solutions

to which known quantities of chlorate have been added. For the

French powder factories it is specified that the nitre must contain less

than o-oi per cent, chloride, o-oi per cent, chlorate, and o-i per cent,

perchlorate.

Lemaitre ** reduces the perchlorate by fusion with sodium sulphite
;

this method has been improved by Fschernobojew,^ who has shown
that chlorate can be determined simultaneously.

1 CViem. Zeit. Rep., 1898, 22, 117. -^ Moiiit. Scient., 1904, 18, 253 ; Chem. Centr.

- Ibid., 1900, 24, 793. 1904, I., 1427.
^ Memorial des poudres et saltelres^ 1902. ^ Chem. Zeil., 1906, 29, 442.
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CONTROL OF WORKING CONDITIONS

The process control in the manufacture of nitric acid consists essen-

tially in the determination of the yield and of the quality of the nitric

acid. In addition, care must be taken that no nitrogen oxides escape

into the chimney or into the atmosphere ; the tests applied are similar

to those employed in the sulphuric acid industry {cf. p. 336).

The bisulphate drawn from the retort must also be examined ;
this

is done in the following manner :

—

1. Free acid \s estimated by titration with normal sodium hydroxide

solution. In the presence of considerable amounts of iron oxide or of

alumina no indicator is added, and the titration is considered finished as

soon as the first signs of a permanent flocculent precipitate appear.

2. Nitric acid may be determined in the nitrometer or gas volumeter

as in the nitrometric method for the estimation of saltpetre. The acid

sulphate is dissolved in the minimum quantity of water in the cup above

the tap, and decomposed with a large excess of sulphuric acid (pp. 137

and 139). Since the quantity of nitric acid present in acid sulphate is

always small, a nitrometer either with a narrow measuring tube as used

in the examination of acids, or with a central bulb (Fig. 46, p. 136),

should be employed.

NITRIC ACID

Pure, absolute nitric acid, HNO., is very difificult to prepare, and

scarcely keeps any length of time, owing to the liberation of oxygen

with formation of hyponitric acid, which latter causes the colourless acid

to turn \ellow or, with larger quantities of nitrogen peroxide, red. The
J
-°

boiling point is 86\ the specific gravity at — : slighth' above 1-52.

4
The hydrates of nitric acid have been especiall}- studied by Kiister

and Kremann.^

The strongest commercial acid has, when pure and almost free from

nitrogen peroxide, a sp. gr of 1-50 or slightly higher, corresponding to

94 to 95 per cent. HNO... It begins to boil a little above 86^ the boiling

point rising as distillation proceeds, owing to more acid than water

distilling over, until 126 is reached, at which temperature an acid con-

taining 68-9 per cent. HXO3, and having a sp. gr. 1-42 distils over

unchanged. Weaker acids have again a lower boiling point, and }-ield

on distillation, with a continual rise in temperature, more water than

acid until the boiling point 126 is attained, when acid of the above

composition distils over.

Lunge and Rey's- investigations into the relationship between the

^ Z. anorg. C/iem., 1904, 40, I. - Z. aiigew. Chem., 1891, 4. 165.
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specific gravit\- and percentage content of nitric acid solutions have led

to the older tables, such as that of Kolb, being superseded. The
following table is based on their researches. The specific gravity

determinations made b\' Winteler^ have been shown to be unre-

liable by Lunge '' by Veley and Manley,'^ and by Piitzer.^ Values

agreeing with those of Lunge and Rey within, at the outside .3^0- i-Ao
in one case only), have been obtained by Vele)- and Manley,-"" who add
that greater concordance is scarcel}' to be expected between different

observers employing different methods.

An additional table (p. 327) for correcting the specific gravity

obtained at higher or lower temperatures to the normal value, viz. the

specific gravity of the acid at 15 , compared with water at 4 as the unit,**

is also given.

This table has been worked out for pure acids, and the values do
not apply absolutely to observations made on commercial acids, w^hich

are never pure. In the cases of sulphuric and hydrochloric acids, except

for the highest strengths, such differences are not great ; they may,
however, be considerable in the case of commercial nitric acid, owing
to the presence of lower oxides of nitrogen, gencrall}- calculated to

hyponitric acid. The influence of h)^ponitric acid on the specific gravity

has been observed by many investigators/ but no method has been

Specific Gravity of Initial Acid 1-4960 at 15/4 (in vacuo).

X,04
per cent.
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Table of the Specific Gravity of Nitric Acid of various strengths
at 15^ C. referred to Water at 4 C.

Spec.
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Table of the Specific Gravity of Nitric Acid, etc.— Continued.

Spec.
Grav.
at
15°
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Table of the Specific Gravity of Nitric Acid, etc.

—

Continued.

Spec.
Grav.

at
15°



328 MANUFACTURE OF NITRIC ACID

acid was found to contain 2-93 per cent. N.^O^, and to have a sp. gr.

of 1-4994 at 20 . From the table on p. 327, which may be used

without hesitation for temperatures lying somewhat below 13^ or

above 17", it will be seen that the specific gravity becomes, at 15",

1-4994+ (o-ooi 6 X 5)= i-5074- According to the table on p. 324, o-oi8o

must be deducted from this weight, for the 2-93 per cent, (or in round

figures 3 per cent.) N.,0^. This gives, therefore, a sp. gr. for the pure

acid = 1-5074 -o-oi 80= 1-4894. For this value the round figure 1-490

is taken from the table on p. 326, giving 89-60 HNO3 as the percentage

of the sample. If instead of this value, which takes account of the

N.jO^ present, the value (1-5074) obtained by simply correcting for

temperature had been taken, the percentage of nitric acid found would
oy. T ^ _i_ oy. CO

have been given as ——-— =97-3^ obtained as the mean of 1-507

with 97-13 per cent. HNO3 ^.nd 1-508 with 97-50 per cent. HNO.>

;

that is, instead of the correct value 89-60 per cent, the erroneous value

of 97-31 per cent.

In the application of these high strength nitric acids for nitration

purposes it is customary to regard the whole of the N.,0^ as inactive,

and the table (p. 324) is calculated from this standpoint. It might

in many cases be more accurate to regard half of the nitrogen peroxide

as active, according to the equation :

—

N.O, + H,0 = HNO3 + HNOo.

In such case a much smaller deduction should be made, and for

this a special table might advantageously be drawn up.

Lunge and Marchlewski have endeavoured to prepare similar

tables to make allowance for the nitrogen peroxide present in nitric

acid solutions of two lower strengths (sp. gr. 1-4509 and 1-4018),

which are included in the range of commercial acids. They were not

able, however, to obtain concordant results, apparently owing to the

partial or complete conversion of the nitrogen peroxide to nitrous and

nitric acids ; such tables are still less possible for weaker acids (rf.

P- 329)-

Estimation of Nitrogen peroxide (Hyponitric acid).—This estima-

tion for the correction to be applied to the specific gravity reading of

high strength nitric acid solutions (c/. p. 324) is carried out as follows :

—The acid is allowed to flow slowly and in small quantities at a time,

from an accurately calibrated burette, into a measured volume of semi-

normal potassium permanganate solution (15-820 g. KMn04 per litre),

warmed to 40°, until the colour disappears. The acid should be allowed

to stand for some time in the burette before the titration is made, until

it has attained the temperature of the room as measured by an

accurate thermometer; this is indicated by the volume remaining
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constant. The burette should be graduated in .V c.c., and it should

be possible to read with certainty to O-Oi c.c. The number of c.c. of

acid required to decolorise the permanganate solution, multiplied by

the sp. gr. corresponding to the room temperature, gives the weight of

acid used, from which the percentage content in X.^O^ is calculated in

the manner described under the estimation of nitrous vitriol (p. 342).

Each I c.c. xV/'2 permanganate solution corresponds to 0-02300 g. NoO^

;

thus with a consumption of ;/ c.c. permanganate, and vi c.c. of the acid

XT r^ 0-02300// ^,
under exammation, the content m No04= g. per c.c. i he

' -
;//

estimation of the three nitrogen acids in admixture is described in the

section on Sulphuric Acid (p. 340).

The Total Acidity is generally determined in practice by the

hydrometer only, notwithstanding the great uncertaint}- inseparable from

the m.ethod in this particular case {cf. p. 324). It may, of course, be deter-

mined by titration, and this should be done in all important cases. This

estimation can be carried out without difficulty in the case of slightly

fuming acids, by either pipetting a quantity of the previously diluted

acid or, preferably, by weighing out a portion of the concentrated acid

in the bulb-tap pipette used for fuming sulphuric acid (Fig. 134, p. 390).

In titrating, attention must be paid to the destructive action of nitrous

acid on methyl orange {cf. p. ^6). In the case of strongly fuming red

acids, even the method of weighing in the special pipette fails to give

satisfactory results, owing to the impossibility of completely washing

out the nitrogen oxides, especiall}- nitric oxide, which are continu-

ally evolved from the strong acid. On this account the following

directions given by Lunge and Marchlewski should be adopted :

—

10 c.c. of the acid are allowed to drop slowl}', preferably from a burette,

into ice-cold water, the solution made up to 100 c.c, and an aliquot part

titrated with a very accurately prepared standard sodium hydroxide

solution.

The percentage of total nitrogen acids may also be determined in

the nitrometer, employing the bulb form (Fig. 45, p. 136), so as to

accommodate the larger volume of nitric oxide evolved. The test is

carried out exactly as described under the analysis of saltpetre, the

quantities taken being i c.c. of the acid, measured in an accurate

pipette, and 10 c.c. of concentrated sulphuric acid. This method

is, however, only employed in cases in which a large proportion of

sulphuric acid is already present, as, for example, in nitrating and

spent acids.

Other Tests.— Fixed residue. This consists chiefly of sodium

sulphate with small quantities of oxide of iron, etc., and is estimated by

evaporating 50 c.c. of the acid to dryness, in a place protected from dust,

igniting, and weighing.
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Kraiich^ states that lo g. of pure nitric acid should leave, on

evaporation in a porcelain dish, only a very minute and scarcely weigh-

able residue ; on an average he obtained a residue of from 2 to 3 mg.

from 50 g. of pure concentrated acid.

Siilp/iitHc add {¥i.rdiWch): 10 g. are evaporated to about i c.c. in a

porcelain dish, the residue dissolved in 30 c.c. of water, the solution

transferred to a beaker, heated, and barium chloride added. No sign of

a precipitate should appear in the case of acid, nitric, pur., even after

standing for some time.

In carrying out this test, it is necessary to bear in mind that

the presence of strong nitric acid retards the precipitation ; the

greater part of the nitric acid must either be removed by evaporation

or nearly neutralised b)' the addition of chemicall)- pure sodium

carbonate.

For the quantitative determination of sulphuric acid the solution

is rendered nearly neutral by the addition of pure sodium carbonate,

and precipitated by barium chloride as described on p. 274. If the

acid leaves an appreciable residue on evaporation, this must be taken

into account, as it consists mainly of sodium sulphate.

CJiloriiie. (Krauch) : 50 c.c. of distilled water to which a few

drops of silver nitrate solution have been added should show no

change on the addition of 5 to 10 c.c. of "pure" nitric acid. This

method of carrying out the test removes any uncertainty which may
arise should the distilled water employed not be absolutely free from

chlorine.

For the quantitative estimation, the acid is neutralised with

chemically pure sodium carbonate and titrated with silver nitrate

solution ; a very slightl)' alkaline reaction is not prejudicial.

Heavy metals and alkaline earths (Krauch) : 20 g. are diluted with

water and treated with excess of ammonia, ammonium sulphide, and

ammonium oxalate. In the case of acid, nitric, pur., no darkening or

cloudiness should be formed.

Iron is detected qualitativel}- by adding potassium thioc}'anate to

the prcvioush' diluted solution
;
quantitatively, by supersaturating the

acid with ammonia, heating for some time, and collecting the precipitated

hydroxide on an ash-free filter. Traces of iron are best determined

colorimetrically by means of potassium thiocyanate according to the

directions given by Lunge- {cf. p. 381).

Iodine. Krauch states that nitric acid is coloured yellow by the

presence of -0^0 per cent, of iodine, and that it ma}' be identified by

shaking the acid with chloroform (Biltz). A }'ellow coloration may

1 T/ie Testing of Chemical Reagents for Purity, trans, by J. Williamson and L. W. Diipre,

1903, p. 185.

.- Z. angew, Chem.^ 1896, 9, 3.
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also be due to chlorine compounds, and is generally to be ascribed to

the presence of lower nitrogen oxides. The iodine is not usually

present in the free state, but as iodic acid dissolved in the nitric acid.

The oxygen compounds of iodine, as well as iodine itself, are recognised

by cautiously adding a very dilute solution of sulphurous acid or a few

drops of sulphuretted hydrogen water to the diluted acid and extracting

any iodine so liberated by carbon bisulphide, or testing by the addition

of starch solution. An excess of sulphurous acid or of sulphuretted

h)drogen destroys the reaction.

An alternative method is to treat the solution with chcmicalh- pure

zinc, which reduces the iodic acid, whilst the nitrous acid formed at the

same time liberates iodine from the hydriodic acid produced. The
solution is then well shaken with carbon bisulphide.

According to the Pharmaceutical Commission of the German
" Apotheker-Verein," Modine and iodic acid are tested for by shaking

the acid, diluted with twice its volum.e of water, with a small quantity of

chloroform ; the solvent should not be tinged violet even after the addi-

tion of a small piece of zinc to the acid solution.

Beckurts - gives the following as the most delicate test for iodine

in nitric acid :— i c.c. of the acid is boiled to remove lower oxides

of nitrogen, and to oxidise all the iodine to iodic acid, and i c.c.

of well-boiled water is then added, followed by a few drops of a

solution of potassium iodide and starch in air-free ^^•ater. A
blue coloration indicates the presence of iodine in the original solu-

tion ; a blank test made with the potassium iodide and pure acid is

essential.

Examination of Nitrating and Stent Acids. (Mixtures
OF Sulphuric Acid, Nitric Acid, etc.)

Mixtures of sulphuric and nitric acids are prepared for coal-tar

colour works and for explosives factories for nitrating purposes. On the

other hand, waste acids are produced in these works, containing in

addition to the original components (of which the greater portion of the

nitric acid has naturally been utilised) much nitrous acid and a small

quantity of organic matter. Such residual acids as contain large

amounts of organic matter, and have attained thereby a tarry con-
sistency, as for example the acids from the purification of benzol and
petroleum, will not be considered. They contain no nitric acid, and
may be very considerably purified from the tarry matter by dilution

;

the tarry constituents consist, in the main, of pyridine bases, condensed
hydrocarbons, etc.

^ Arch. Pharin.^ 1887, 93. 2 Fischer's Jahresber., 1886, 305.
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According; to Guttmann, the average composition of spent acid is as

follows :

—
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insf is continued until on shakincr the beaker all nitrous smell has dis-

appeared. The removal of the nitric acid is facilitated by occasionally

blowing on to the acid and rotating the dish. The contents are then

washed into a beaker and titrated with normal or iV'2 sodium hydroxide

and methyl orange ; this gives the sulphuric acid only.

Lunge and Berl^ have shown that this method gives low results, and

the\^ recommend the determination of the sulphuric acid by difference,

from the total acidity less the total nitrogen acids, as given above.

The sulphuric acid may also be determined by precipitation as

barium sulphate, but the above method effects a considerable saving

of time, as a large number of samples can be evaporated simultaneousl)',

and then only require to be titrated to complete the analysis.

SULPHURIC ACID MANUFACTURE

RAW MATERIALS

These have already been described under

—

Sulphur (p. 264), Spent

oxide (p. 279), Pyrites (p. 272), Zinc blende (p. 289), Nitre (p. 306), and
Nitric acid {p. '^2'^).

CONTROL OF WORKING CONDITIONS

In the manufacture of sulphuric acid by 'the lead-chamber process,

many factors have to be taken into account, and a certain relationship

must exist between these for the regular and satisfactory working of

the plant. These factors comprise more especialh' the temperatures in

the various parts of the system, the colour of the gases in the chambers,

the draughts, the strengths of drip- and bottom-acid, of the Gay-Lussac

and Glover acids (also the temperature of the last), the quantity of

nitrogen oxides present in the acids, the composition of the gases, etc.

The rules to be observed in, and the conclusions to be drawn from,

these observations are fully described in Lunge's Sulphuric Acid and
Alkalir

This section is restricted to a description of such methods of investi-

gation as are essential to the satisfactor}- carrying out of the process.

EXAMIXATIOX OF THE GaSES

It is necessar\- to differentiate : hdet gases, Chamber gases from

various parts of the s\-stem, and Exit gases beyond the Gay-Lussac

tower.

The examination of the inlet gases (kiln gases from the burning of

p}-ritcs or blende) has been described under the preparation of

1 Z. aiigeii'. C/iein., 1905, 18, 1687. - Third edilion, 1903, p. 675 et setj.
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sulphurous acid (p. 299). The determination deals solely with the

estimation of sulphur dioxide and sulphur trioxide. It is unnecessary

to estimate the oxygen accompanying these gases, since it must always,

in normal working, be in reciprocal relationship to the sulphur oxides

present.

The examination of the gases in the chambers is generalh' carried

out by observing the colour (more particularly in the hind portion of

the system and at the exit), the temperature as measured by means
of thermometers inserted at different places in the walls of the chambers,

and the pressure under which they stand, for which purpose the

manometer and anemometer described on pp. 165 et seq. may be

employed, though frequently this is only done in a very crude manner

by removing plugs or lutes.

Generally speaking, a chemical anahsis of the chamber gases is not

made, and under ordinary working conditions little would be gained

from such an anal}'sis, owing to the difficulty of obtaining really average

samples ; and further, it is unnecessary, since the process can be

perfectly controlled by the analysis of the inlet and outlet gases.

Should it be desirable in a special and exceptional case to investigate

the chamber gases, the methods described under the investigation of

the exit gases will be found perfectly satisfactory. For more exact

determinations, reference should be made to the methods employed by

Lunge and Naef ^

The exit gases from the Glover tower are in the first place

examined for their content in ox}'gen, which constitutes one of the most

important factors for the regulation of the process in general, and for

the setting of the damper in the exit flue in particular. In many of the

foreign works this estimation is looked upon as sufficient, but in England,

and more recently in Germany, in consequence of the legal restrictions

imposed, the gases are also tested for total acidity.

I. Oxygen.—The oxygen is estimated by absorption, and measuring

the resulting decrease in volume. The absorption is effected either

by means of an alkaline solution of pyrogallol, which, however, requires

to be frequently renewed, and thus involves much time and expense,

or preferably by thin rods of moist phosphorus, which allows many
hundreds of analyses to be carried out in succession. It must, however

be remembered that phosphorus is not acted upon by oxygen at

temperatures below 16, consequently when the determination has to

be made in a cold place, the absorption vessel must be slightly warmed
in any convenient manner. Lunge recommends the use of an alkaline

solution of sodium hydrosulphite, as suggested by Franzen (^cf. p. 209), in

preference to either of the above reagents for the absorption of oxygen.

Since the water with the absorbents will take up any acid gases present,

1 Chem. Ilid., 1884, 7, 5.
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it is necessary to wash the gas by passing it through a solution of

sodium hydroxide before proceeding with the absorption of the ox}'gen.

When, as is usually the case, it is only necessary to make several

single tests in the course of the day, the use of a special aspirator

is unnecessary, as the gas burette itself suffices for this purpose by
filling and emptying the burette three or four times in succession from

the special opening in the gas main ; it is then safe to assume that

a fair sample of the gas in the main has been collected, and the analysis

may be proceeded with.

The practice of making a continuous test, in addition to the above,

is to be strongly recommended ; that is, to draw the gas slowly during

the full twenty-four hours into a special vessel, from which the sample

is taken for analysis. For this purpose any suitable aspirator of wood
or metal may be employed, provided the acid vapours are previously

removed from the gases. The apparatus for the estimation of the acids,

to be described later, effects this removal very conveniently. On the

other hand, more simple appliances may be used, so long as they permit

at least lo litres of the gas to be drawn off and measured in the

twenty-four hours, this quantity

being essential if a representative

average sample is required.

A good form of apparatus, devised

by Strype for the investigation of the

exit gases, is described and figured in

Lunge's Sulphuric Add and Alkali}

The apparatus described by Davis,-

Lovett,^ and Pringle'* do not possess

any features of special value.

The estimation of ox}'gen is best

carried out by moist phosphorus in

an Orsat apparatus (p. 198), provided

with two absorption tubes, the first of

which is filled with sodium hydroxide

solution to remove the acid gases,

and the second with phosphorus.

The manipulation is exactly the

same as in the examination of chim-

ney gases (p. 198).

Lindemann's apparatus as modi-

fied by C. Winkler^ (Fig. 126) can also be employed. The measuring
tube A is fitted above with a three-way tap, and has a capacity of

' Vol. i., 3id edition, p. 739.
'^

J. Soc. Cliem. Iiid., 1S82, I, 210.

- Chem. A'ews, 1880, 41, 188. * Ibid., 1883, 2, 53.

^ Handbook of Technical Gas Analysis, P- Si-

Fig. 126.
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lOO c.c, of which 25 c.c. are contained in the lower cyHndrical portion,

which is graduated in ^'^ c.c. B is the absorption vessel filled with thin

rods of phosphorus, and C the levelling bottle. The manipulation is

the same as in the Orsat apparatus.

M. Liebig's apparatus ^ is arranged for use with alkaline pyrogallol

;

the gas is aspirated by means of a rubber bellows into a 50 c.c. pipette,

and forced from this through the absorbing solution into a graduated

measuring tube.

2. Examination for Acids.— If onI\- the sulphur dioxide is to be

determined, a measured volume of the exit gas is drawn through

sodium hydroxide solution, and the resulting solution, after consider-

able dilution with water, poured into chlorine or bromine water. This

solution is then acidified with hx'drochloric acid, heated to boiling,

and precipitated with barium chloride. Each i g. BaS04 corresponds

to 93v5 c.c. SOo. Reich's method (p. 300) is inapplicable in this

case, owing to the disturbing action exerted by the nitrous gases

present.

For a complete examination the following directions will suffice.

On the one hand the sum of the sulphur acids is determined, and on

the other the sum of the nitrogen acids, irrespective of the degree of

oxidation. The following scheme agrees in the main with that adopted

by the British Alkali Makers' Association in 1878 ; improvements have,

however, been made in some of the analytical details.

A small volume of gas is drawn continuously from the Gay-Lussac

exits by means of a constant aspirator, at such a rate that at least

24 cubic feet (o-68 cub. m.) are collected in the twenty-four hours. The
volume V drawn off must be measured with sufficient accuracy, either

by graduating the aspirator or by means of a gas meter ; the volume

is then corrected by Tables VI. and VII. (Appendix) to 0° and 760 mm.,

and the corrected volume called V. To make the comparisons more
complete, a record is kept of the number of cubic feet of chamber space

for each pound of sulphur burnt and entering the chambers in the

twenty-four hours (or kilos sulphur per cubic metre), as calculated

from the weekly average
; further, of the distance from the tower, of

the point at which the samples are taken. The gas is drawn through

four absorption bottles, each of 100 c.c. capacity, and giving a column

of liquid of at least 75 mm. in depth. The openings of the inlet-tubes

may not exceed h mm. diameter, as measured by a standard wire.

The first three bottles each contain 100 c.c. of normal sodium hydroxide

solution (free from nitrate and equal to 31 g. Na.^O per litre), the fourth

100 c.c. of distilled water. The gases are examined for—(i) Total

acidity, measured as sulphur trioxide
; (2) Sulphur; (3) Nitrogen in

the form of acids, both the latter being measured in grains per cubic

^ Post, Cliem. Tech. Analyse., 2nd edition, I, p. 700.
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foot, or g, per cubic metre of the gas (reduced to o^' and 760 mm.).

The operation is conducted as follows :

—

The contents of the four bottles are combined, the bottles washed

out with a small volume of water, and the total divided into three

equal parts, one portion being kept as a reserve. The first portion

is titrated with normal sulphuric acid (49 g. HoSO^ per litre) or with

normal hydrochloric acid, thus affording a measure of the total acidity,

SO.,, H^SO^, N.3O3, and HNO3. The second portion is added gradually

to such quantit}' of a warm solution of potassium permanganate,

rendered strongly acid by means of pure sulphuric acid, that a slight

excess of permanganate remains ; this excess is finally so far neutralised

by a few drops of sulphurous acid solution that only a faint rose tint

persists. All the nitrogen acids are now present as nitric acid, and

there is no excess of sulphurous acid in the solution. The nitric acid is

estimated by means of ferrous sulphate, employing for the purpose a

solution containing 100 g. crystallised ferrous sulphate, and 100 g. pure

sulphuric acid per litre. To 25 c.c. of this solution contained in a flask

are added a further 20 to 25 c.c. of pure concentrated sulphuric acid,

and when the solution is cold the mixture resulting from the above

permanganate treatment is poured in. The flask is closed by a stopper

furnished with two tubes ; the first is connected with a Kipp's apparatus

generating carbon dioxide, the second luted in water. The air in the

apparatus is expelled by the carbon dioxide, and the contents of the

flask heated until the solution, which at the start is dark-coloured owing

to the nitric oxide present, has become of a bright yellow colour. This

may require from a quarter to one hour according to the quantity of

nitric acid present, and the volume of sulphuric acid added. The
ferrous salt which remains unoxidised by the nitric acid is titrated back

by a A72 permanganate solution equivalent to 0-004 g. oxygen per i c.c.

{cf. p. 99). Since the strength of the acid ferrous sulphate solution

alters somewhat rapidly, it is necessary to compare it each da)- with

the permanganate solution by titrating 25 c.c, the quantity taken for

the test, with permanganate. If x c.c. of sulphuric acid are used in the

first titration, J' c.c. of permanganate in titrating back the unoxidised

ferrous salt, and z c.c. of permanganate are equivalent to 25 c.c. of the

ferrous sulphate solution, the figures required are obtained according to

the following equations ; the measurement of volume (V) being of

course made in cubic metres or in cubic feet according to the method of

expression :

—

(i) Total acidity expressed in

—

^ „„ ,. ^ 0.120(100 -.v)
Cjrams SO3 per cubic metre = ^h^,

/-. • o/^ 1 • r i.8;2(ioo-.v)
Lrrains SOg per cubic foot = —-—Vtt
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(2) Sulphur in

—

„ , . 0.008 (600 -6x- z + y)Grams per cubic metre = ^,
—

Grains per cubic foot = -^—^i—^^—^y> —

(3) Nitrogen in

—

V

0.007 (-3^ -y)

f. . u- f ^ o.io8o^(^r-r)
Grains per cubic foot = ^ ^-

Grams per cubic metre =
-=^y,
—

In place of the above method it will often suffice to simply deter-

mine the total acidity by titrating with N\io sodium hydroxide solution

and phenolphthalein, either according to Lunge's method, described on

p. 302, or by employing the ten-bulb tube described below.

The maximum escape allowed under the Alkali Act (1906) equals

4 grains per cubic foot, equivalent to 9-15 g. SO3 per cubic metre of

residual gases, before admixture with air or smoke; in Germany the

limit is 5 g. where pyrites is burnt, and 8 g. in the case of blende,

all acids being calculated to SO3.

The alkali inspectors have recently adopted a mixture of i vol. N\2
alkali and 10 vols, neutral hydrogen peroxide for the absorption of the

acid gases. This overcomes the difficulty caused by secondary reactions

between sulphites and nitrites which is liable to occur ^ when sodium

hydroxide solution is used alone.

3. Nitric oxide may always be present in the exit gases even after

these have passed through the absorption bottles. Should it be desired

to estimate this gas, a ten-bulb absorption tube (Fig. 127) must be placed

between the last flask of the series and the aspirator. The tube is filled

with 30 c.c. of A72 potassium permanganate solution to which i c.c. of

sulphuric acid of sp. gr. 1-25 has been added. After the gas has passed

for twenty-four hours the tube is emptied and washed out. Fifty c.c. of

ferrous sulphate solution (the strength of which according to the pro-

ceeding section is = 2.c c.c. permanganate) are added, and the decolorised

solution titrated back with permanganate solution till it again becomes
rose-coloured ; the number of c.c. of permanganate required is called

' Carpenter and Linder, y, Soc, C/ieiii. /;/(/., 1902, 21, 1490,
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//. The nitric oxide has thus reduced (30 + // — 2.cr) c.c. seminornial

permanganate solution. This corresponds to :

^ 0.007 (30 + //-2S)

3V'

grams nitrogen per cubic metre of the gas when V' represents the total

volume, as registered b}- the aspirator ; or in grains per cubic foot,

^, o.ioSo3('^o + ?/ - 22-)

^ - ^-

A Winkler's coil, or other suitable apparatus, may be used instead of

the above absorption bulbs.

To test whether all the nitric oxide has been absorbed, Griess'

reagent (a-naphthylaminc and sulphanilic acid), as modified by
Lunge and Ilosvay,^ may be emplo)-ed, by allowing air to mix with

the gases, leaving the bulb-tube and then examining for higher oxides

of nitrogen. The above reagent will always show a slight reddening

with such gases even where the absorption has been made as complete

as possible, but for most practical purposes such traces may be

neglected.

According to Divers,- a concentrated alkaline solution of sodium or

potassium sulphite forms an excellent medium for the absorption of

nitric oxide in gas anal}-sis.

Von Knorre and Arndt-^ mix the gas with hydrogen and pass the

mixture very slowly through a Drehschmidt platinum capillary tube

(p. 214) heated to bright redness. If the gas be passed too quickly or the

heating be insufficient, some ammonia always results. The reaction is:

2NO + 2K, = 2H.,0 + No
(4 vols. 4 vols.

~
-2 vols.)

Consequently each volume of nitric oxide corresponds to a contraction

of 1 1 volumes.

Von Knorre^ states that it is more convenient to absorb the nitric

oxide in a mixture of 5 volumes of saturated potassium bichromate

solution and i volume concentrated sulphuric acid than in the

acidified permanganate solution described above, since the bichromate

mixture is perfectly stable at ordinary temperatures, and does not

evolve oxygen when shaken with indifferent gases ; further, the nitric

oxide is oxidised quantitatively to nitric acid b}- this mixture. A
liberation of absorbed nitric oxide to indifferent gases cannot therefore

occur in this case, as it may when ferrous sulphate is employed. This

reagent is consequently well adapted for the removal of nitric oxide

from mixtures of gases, and also for the estimation of larger amounts

of this gas ; for the estimation of smaller quantities such as occur in

' Z. a>igew. Cheni., 1890, 3, 56S. ^ Ber.^ 1899, 32, 2136.

-J. CImn. Soc.^ 1899, 75, 83. * Chem. Ind., 1902, 25, 534.
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the above cases, absorption in acid permanganate solution and subsequent

titration is to be preferred.

4. Nitrous oxide in chamber or exit gases has scarcely ever been

estimated up to the present. The earlier known method of Winkler,^

which consists in the removal of the nitrogen acids and oxygen from

the gases and conversion of the nitrogen compounds in the residue into

ammonia by passing them together with excess of hydrogen over gently

heated palladium asbestos, and that of Lunge,- which is carried out

by first acting upon the gases with concentrated potassium hydroxide

solution and permanganate, shaking the residue with absolute alcohol,

and decomposing the gases expelled from the latter into nitrogen and

oxygen by means of a glowing palladium wire, do not suffice where the

quantity of nitrous oxide present is so small and is admixed with a

largely preponderating amount of nitrogen. The process worked out

by Pollak" is preferable. The mixture of NO, N^O, and N, from which

all oxygen has previously been removed by means ofmoist phosphorus, is

burnt either with hydrogen or with carbonic oxide in a Drehschmidt tube.

The contraction, Vc, is noted, oxygen added to the residual gas, and the

mixture again burnt in the capillary. Two-thirds of the resulting

contraction is equal to the volume of hydrogen that remains after

the first combustion, and this subtracted from the volume of hydrogen

originally added gives the volume of hydrogen used, Vw. We thus

have :

—

(i) xN.p+j'NO + ^N = V
(2) x + 3/2;' - V,,

(3) x+y == Vw
from which :

—

X = SVw - 2Ve

y = 2(Vc-Vw)
Z = V-Vw

In the case of combustion with carbon monoxide the contraction,

Vc, and the carbon dioxide formed, V^, are measured.

This gives :

—

(i) .rN.,0 + vN0 + 5N = V
(2) 1/21' = Vc

(3) x + v = Vu

from which it follows :

—

.V = Vk - 2\^e

y = 2Vc

z - V-Vk
For the proof of these formulae, see Treadwell, /oc. cit.

5. Loss of Sulphur.—Lunge ^ has published a formula which allows

' Induslrie-Gase, vol. 2, p. 429. - Ber.^ 1881, 14, 2188.

^ Treadwell, Analytical Chemistry^ vol. ii., p. 612.

^ Cf. Sulphuric Acid and Alkali, vol. i., p. 749 ;
Dingl. pulyt. J., 1877, 226, 634.
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the quantity of sulphur burnt, expressed in grams per litre on the exit

gases, to be calculated from the percentage volume of oxygen present in

these. The sulphur loss may be calculated by comparing this value with

the quantity of sulphur acids present in the exit gases. The formula is :

A- = (20.qs -c7)o.ooq6^7 ^— —
^ ^ ^ ^' 1.00367/ 7fco

where x equals the total sulphur burnt, expressed in grams per litre on
the exit gas, a the percentage volume of oxygen in the exit gas, / its

temperature, and // the pressure.

Examination of the Works' x^cids

The strength of the Drips from the chambers is observed at

frequent intervals during the da}' and their content in nitrous vitriol

gauged, at least by a rough test. The latter can, of course, be more
exactl)' estimated by means of permanganate solution. Tests of the

bottom-acid are also made.

For collecting the "drips" Lunge ^ recommends the use of small

cylinders of 20 c.c. capacit}- and correspondingly small h\-drometers

having a range of about 20' Tw., in place of the customary larger

cylinder and full-range hydrometers. The smaller cylinders have the

advantage that the acid is renewed about every ten minutes, and thus

show any changes more quickh'.

For a rapid, approximate determination of the Nitrosity (percentage

of nitrogen acids) of the drips. Lunge- recommends the following

method for testing a set of four chambers. The test should be per-

formed at least once, better twice, daily, and for each test a stand

furnished with eight ordinary test tubes, each 13 cm. high, is employed.
The test tubes are each filled to a height of 10 cm. with samples of the

bottom-acid and of the drip-acid respectively, of each of the chambers,

taken in turn. The strength of each sample is taken at the same time by
the hydrometer and written on the stand at the bottom of the respective

tube. Concentrated ferrous sulphate solution, which does not require to

be free from ferric salts, is then cautiously added so as to form a layer

about I cm. deep on the acid in each cylinder. In the presence of very

minute traces of nitric acid or of the lower oxides of nitrogen a yellowish

coloured ring results at the junction of the liquids. In the presence of

larger amounts of nitrogen acids the ring is darker, or with still greater

quantities the whole of the ferrous sulphate layer assumes a deep
brown to black colour, and ma\' even begin to froth owing to the heat

evolved driving off the dissolved nitric oxide from the solution. By an

inspection of the various colours in their sequence from chamber to

chamber, coupled with the strength of the acid from each chamber and
1 Sulphuric Acid and Alkali, vul. i., p. 507. - Ibid., p. 699.
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the colour of the gases in the latter, a very good indication of the

operation of the chamber process is obtained. The estimation of the

sulphur dioxide in the inlet gases and of the oxygen in the exit gases

complete the necessary testing.

The bottom-acid in the first chamber should show no trace of

nitrous acid. In the middle chambers the test should indicate a small

quantity of nitrous acid in the bottom-acid and a more pronounced
quantity in the drips. The bottom-acid in the last chamber should give

at least a moderate indication, and the drips a very marked reaction.

Should selenium be present the ferrous sulphate test is not so easily

applied
;
it may, however, be successfully employed after some practice.

For the quantitative estimation of the nitrogen acids in vitriol the

potassium bichromate method was formerly generally employed, but it

has now been replaced by the permanganate method, which gives a much
sharper end-reaction. The details of the permanganate method are

given under " Gay-Lussac acid "
(p. 343).

It has been suggested that the daily production of acid might be
deduced by measuring the drips from the chambers. Lunge ^ has

shown, however, that this view is incorrect, owing to the drip tables act-

ing as contact surfaces. They consequently not only collect the acid

normally produced at the point of the chamber considered, but also the

much larger volume of acid condensed locally either by mechanical

means or owing to a better admi.xture of, and accompanying reaction

in, the chamber gases impinging against the solid wall.

The yield of cJiavibej' acid should be determined directly by measur-

ing the acid dip in the chambers, which is done by means of vessels

communicating with the interior. It is advisable to draw up a table

for each chamber, so as to see at a glance the volume of acid, in cubic

feet or litres, corresponding to any observed dip. If the specific gravity

be determined at the same time by meang of the hydrometer, the weight

of acid in the chamber can be calculated.

Examination of tJic Glover acid. The strength (140 to 1 50 Tw., sp.

gr. 1-7 to 1-75) and temperature are determined in case the acid is to be

pumped back at once to the Gay-Lussac tower; also the content in

nitrous compounds, should more than traces of these be present. (This

determination is described in connection with the finished acid, p. 377.)

Other tests are carried out exactly as in the case of the nitrous vitriol

from the Gay-Lussac tower.

Examination of the Gay-Lussac acid {^Nitrons vitriol). Generally only

the nitrous acid is determined ; this is not present in the vitriol in

the free condition, but is combined to form nitrosyl-sulphuric acid

S02(0H)(0N0). Nitric acid only occurs in poor nitrous vitriol; it is

included in the total nitrogen found by the nitrometer test.

1 Z. angew. Chein., 1889, 2, 265.
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Nitrous acid is usually estimated by the permanganate method.; the

bichromate method is to-day seldom employed (cf. supra). The test is

carried out in the manner proposed by Lunge,^ who has shown that the

earlier methods employed were inaccurate, owing to the ready loss of

nitric oxide and production of nitric acid that took place before the

reaction with permanganate was effected. A seminormal perman-
ganate solution, prepared and standardised as described (p. 99), is

emplo}-ed. The essential point to be observed is that the nitrous

vitriol must always be added to the permanganate, and never the

reverse. The test is carried out by allowing the sample to flow from a

glass-tap burette into a measured volume of the NI2 permanganate

solution, diluted with five times its volume of warm water (30' to 40 ),

until the colour just vanishes. At the ordinary temperature the reaction

proceeds too slowly, whilst at too high a temperature or in too concen-

trated solution hydrated manganese dioxide separates out ; such separa-

tion gives trouble, but it does not prevent the titration being carried to

a finish, since the dioxide goes into solution again before the completion

of the titration. The quantit}- of permanganate taken varies according

as the vitriol to be tested contains much or little nitrous acid ; i c.c. per-

manganate corresponds to 0-009502 g. N.^Og. For chamber acid or other

similar acid, 5 c.c. of permanganate solution at most are taken ; for a

strong nitrous vitriol up to 50 c.c. If the volume of permanganate solu-

tion taken be denoted by x, and the volume of nitrous vitriol required

to decolorise it byj^, the weight of N.^Oo in g. per litre is given by the

Q. co2,t"
formula . Should it be desired to express the nitrogen content

otherwise than as N.^Oo, the factor 9-502 is substituted by 15-75 for HNO3,
by 29-83 for nitric acid of 66-5 Tw. at 15^ C, by 25-44 fo^ nitric acid of

jf Tw., and by 21-258 for NaNOo.
The following table (p. 344) saves calculation for cases in which 50

c.c. of permanganate solution are employed. The number of c.c. of

nitrous vitriol required are given in column j', the content in g. per litre

in column a, and in column b the percentage by weight, assuming the

acid examined to be of sp. gr. 1-7 (140 Tw.). For other strengths of

acid the percentage by weight is found by dividing the values in column

a by ten times the specific gravity of the acid.

Riegler - has proposed to estimate the nitrous acid by the gas-volu-

metric method, using hydrogen peroxide according to the reaction :

—

HNO. + H,0, = H.,0 + HNO3.

Griitzner -^ estimates the nitrite by determining the chloride produced

by interaction with chloric acid b}' Volhard's method (p. 123) :

—

3HN0._, + HCIO3 = 3HXO3 + HCl.

^ Ber., 1877, 10, 1075. '" ^- ^'"^^- f /"'"'•, 1897, 36, 665. " Aich. Phanii., 35, 241.
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Table for the estimation of Nitrous Acid in Nitrous Vitriol.

Expressed as HNO3, NaNOg, and as nitric acid of 66'-5 and -jf Tw. at 15' C, in

which 50 c.c. Nil potassium permanganate is taken for the titration, and the

percentages by weight are based on sulphuric acid of 140' Tw. as unit.

Acid
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The estimation of the total nitrogen acids present in nitrous vitriol

is generally effected in the nitrometer, the use of which for this purpose

has been already described (p. 134). Should the acid contain, in addition

to the nitro.us acid, appreciable quantities of sulphur dioxide, which can

readily be detected by the smell, a little powdered potassium perman-

ganate is placed in the cup of the nitrometer ; a large excess of perman-

ganate must not be used, since it interferes considerably with the reaction.

The observed gas volume must be reduced to o'^ and 760 mm. by

means of the Tables VI. and VII. (^Appendix), unless the gas-volumeter

{cf. p. 138) be employed ; with the latter instrument it is especially advis-

able to use a separate decomposition vessel.

The nitrogen compounds are calculated from the corrected nitric

oxide volumes by means of the following tabic. The table takes

account of the various ways of stating results adopted in different

works, and will be found useful in other than sulphuric acid works.

Column a gives the values in milligrams throughout, column b the per-

centage by weight, assuming that i c.c. of acid of 142" Tw. has been

taken for analysis ; for other strengths of acid the values under a must

be taken as the basis for calculation {cf. p. 343).

c.c.

NO.
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Ratio of the three nitrogen acids to each other. The following

formulae may be used to determine the relationship between the

N0O3, NoO^, and HXO3, present together in sulphuric acid when the

results of the permanganate titration and the nitrometer determination

of total nitrogen in the form of XO are known :

—

a = c.c. XO, as found in the nitrometer
;

b — c.c. O, calculated from the permanganate titration (i c.c. =
1-4278 mg., consequently i c.c. 7\^ 2 permanganate = 0-004 g- =
2-8015 c.c. oxygen)

;

,t-=vol. X'O, corresponding to X" present as X.,03;

j/ = vol. XO, „ „ X.,04; ,

z = \'o\. XO, „ „ HNO3.

If ^b>a, then :

—

x— j^b - a; y = 2 (a- 2b) or = a- x.

l{ 4b<a, then :

—

y = ^b\ z = a-^b.

That is, if the oxygen is sufficient to allow of all the nitrogen acids being

present as N0O4, they are calculated as such ; if there is more than

sufficient oxygen for this the excess is calculated to HNO3, whilst if

there is less oxygen the deficit is calculated to X^.jOg. In practice, the

ordinary nitrous vitriol contains no ^.,0^, on which account it is better

to calculate the total oxygen deficit (as determined by permanganate)

to X^oOs o^ to nitrosyl-sulphuric acid, the rest of the in'trogen being

calculated to nitric acid.

Finished Product : Sulphuric Acid

Sulphuric acid appears in commerce as chamber acid of 106^ to

1 16 Tw. ; as 140 Tw. acid from the Glover tower, or after evaporation

in lead pans ; as ordinary 168 Tw. acid (93 to 95 per cent.); as extra

concentrated acid (96 to 98 per cent.) ; as commercial monoh)-drate, and

as fuming sulphuric acid. The last will be dealt with separatel}'.

Actual sulphuric acid, generally referred to as monohydrate, ^..SO^,

has a specific gravit)- of 1-853 ^^ o' and, according to different observers,

of 1-8372 to 1-8384 at 15° compared with water at 4'. The German
Standards Commission calculate the specific gravit}- of actual mono-
hydrate as 1-8357 at 15/4^ by extrapolation; it should, however, be

borne in mind in connection with this extraordinarily low value, that

owing to the rem.arkable irregularities that occur in the density curve

when such high concentrations are reached extrapolation may be very

misleading. The maximum specific gravity ri-8415) lies between 97
and 98 per cent, acid, and the densit\- of the monohydrate is thus

increased b\- addition of a little water as well as by addition of sul-

phuric anhydride. The monohydrate begins to boil at 290 , and at
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first evolves some SO,, the boiling point rising to 338', at nvhich

temperature 98 per cent of H^SO^ and 2 per cent, of H.,0 are present.^

The strength of sulphuric acid is generally determined by its specific

gravit}-. The earlier tables in use have been found to be altogether

unreliable, especially at the higher concentrations, and Lunge and Isler-

consequentl}' worked out a new table based on fresh observations, using,

however, the values pre\-iously determined by Lunge and Xaef-^ for

acids of over 90 per cent. H.,SO^. All uncertaint)- in this connection

has now been removed by the ver}' exhaustive and painstaking investi-

gations of Domke, Bein, Fischer and others, whose work is embodied

in the reports of the German Standards Commission.* This work,

undertaken in the first place in connection with the establishment of

the normals for percentage hydrometers, has been carried out with such

care that the results ma\' safely be looked upon as exact ; the report

contains in addition a detailed description and criticism of all previous

work on the subject.

The following tables are taken from this source, (i) The table for the

estimation of the sp. gr. of pure sulphuric acid-water mixtures from the

percentage content for 15 C.'4 C. ; the fifth decimal place, which was

onl}' determined for purposes of calculation, is omitted, but has been

used to .round off the fourth figure. (2) An extract from the tables for

reducing to I5^C. the reading found at some other temperature. The
original memoir contains many other tables of less importance for the

present purpose, and which are not included here.

In these tables the values are given for progressively increasing

percentages of sulphuric acid. The form adopted in the tables prepared

by Lunge, based upon measurements made in conjunction with Isler and

Naef, is much more useful for works and laborator}' purposes. These

tables are accordingh- included ; they have been recalculated to the

values of the German Standards Commission for all cases in which they

differed by more than O-i per cent. Larger variations than this

scarcely appear below the specific gravity of 1-560 but between this

point and i-68o differences rising up to about f per cent, occur ; the

causes of these divergencies have not been discovered up to the

present. Still greater differences exist at certain of the higher con-

centrations, especialh- from 96 per cent, onwards, but at these strengths

the determination of the acid content by means of the specific gravity

is quite unreliable, and consequently the readings do not come into

question for practical purposes. Perhaps the most pronounced variation

(0-54 per cent.) occurs at 99^- per cent, and it is interesting to note that

Koechlin and Gerber have shown that at this extreme!}' high concen-

tration acids prepared in different ways may, although of the same

' Cf. Lunge, Sulphuric Acid and Alkali, vol. I, p. 173. •' Clicin. hid., 1883, 6, 37.

- Z. aiigew. Chein., 1890, 3, 1 31. ' Afihaiidlungeii, 1904, vol. 5.



348 MANUFACTURE OF SULPHURIC ACID

chemical composition, possess different physical properties, a view

hinted at by Lunge in 1883. A greater degree of accuracy than

O-i per cent, is not likely to be attained in practice, and this limit

is more than sufficient for the tables, since the figures given

are for chemically pure acid which is not found in ordinary practical

work. It may be noted that the German Standards Commission alwa}^s

worked to temperatures as recorded by the hydrogen scale, which at 15°

gives values O-i lower than those recorded on the mercury scale.

Table for determining' the Specific Gravity of Pure Sulphuric

Acid-water Mixtures from the Percentage Content.

§.2

h 3
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Specific Gravity of Pure Sulphuric Acid--wa.ter—('o>iiifnied.

13

-•1
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Specific Gravity of Pure Sulphuric
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Specific Gravity of Sulphuric Acid Solutions—Cu/iH/uwd

.

Sp. Gr.
at
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Specific Gravity of Sulphuric Acid Solutions— ('out in tied.

Sp. Gr
at
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Specific Gravity of Sulphuric Acid Solutions

—

Continued.

Sp. Gr.
at
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Specific Gravity of Sulphuric Acid Solutions—Continued.

Sp. Gr.
at
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Lunge's table agrees ver)- well with the latter clown to a ^p. gr.

MOO = about 15 per cent. HoSO^. The table is inapplicable for weaker
acids, owing to an error which cannot now be traced

; it is,

however, seldom likely to be required for such weak acids in

practice.

Table showing the Influence of Temperature on the Specific

Gravity of Sulphuric Acid.

a. Specific gravity at 1574° ; under /, changes in specific gravity at the temperature /.

a.
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above 15° the corrections must be added to give the value at 15 . A
table has also been calculated by Fuchs ^ for this correction.

The following table, p. 357, worked out by the Cheiuisdie Fabrik,

Griesheim, will be found useful in many cases.

It is to be noted that the values given in all the above tables only

hold good for chemically pure acid. In commercial acids the specific

gravities at the highest concentrations are appreciably higher than the

values given in the tables, but the variations between acids made at

different works are too irregular to permit of a table being prepared for

such acids. The specific gravity is influenced in the case of nitrous vitriol

by the percentage of nitrous acid present, and in the case of chamber

and concentrated acids by the presence of sulphurous acid, lead sulphate,

nitrogen oxides, arsenic, and iron. The quantit)- of these usually present

in sulphuric acid is too slight to markedly affect the specific gravity
;

nevertheless exceptional cases may occur in which the acid is strongly

contaminated with iron, aluminium, or sodium salts. The iron may
result, for example, from pyrites dust, the aluminium from the packing

of the Glover tower, or from the fireclay frequently employed for

temporarih' repairing leaks, the sodium salts from solutions of Chili

saltpetre or Glauber's salts, which sometimes get into the chambers

through carelessness. Nitric acid, which occurs in appreciable quantity

in sulphuric acid recovered from spent, nitrating acids, also causes an

increase in the specific gravit}'.

The influence of impurities on the specific gravity of sulphuric acid

has been dealt with by Lunge,- also in a recent paper by Marshall,-'^

and in special detail b}- the German Standards Commission.^ According

to the Commission the Glover acid, as might be expected, is the most

impure, the differences between the actual percentages found by analysis

and those obtained by calculation from the tables varying from 0-5 to

1-87 per cent. " Commercially pure " chamber acid showed differences

ofo-oi to 0-26 per cent.; acids of i42''Tw., of (exceptionall)-) 0-03 to

1-55 per cent.; acids of 168' Tw. made from chamber acid, differences

of 0-24 to 076 per cent, in one instance only 0-02 per cent.; whilst

acid free from arsenic differed from the actual percentage by from 0-09

to 0-65 per cent. Acids made by the contact process showed differences

of only 0-02 to 0-23 per cent., and acid manufactured from sulphuretted

hydrogen of onl)' 0-02 to o-i8 per cent.

Since the changes in specific gravity with strength are very slight

in the case of high-strength acids, and as it is just in these acids

that the impurities, always present in commercial acids, have the

greatest effect on the specific gravity, which is increased by their

presence, the tables should only be used for guidance in the works

1 Z aiigew. Chem., 1898, II, 950. '/. Soc. Chem. Ivd., 1902, 21, 1503.

- Sulphuric Acid and Alkali, vol. i., p. 189 el seq. * Report, 1 904, $, p. 243 et seq.
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for acids of over 90 per cent, strength ; for selling purposes, actual

analyses should always be made.

Melting Points of Sulphuric Acid. Knietsch.^

Enlarged by Lunge by the addition of the corresponding percentage of H^SOj.

The melting points given in the table are the temperatures which remain constant

during the period of complete crystallisation ; that is, from the temperature at

which crystals begin to appear in the cooled acid until the stage when the mass
becomes solid after removal from the freezing mixture.

Sulphuric Acid.
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Qualitative Examination of Sulphuric Acid for Impurities

The impurities likely to be present in ordinary commercial sulphuric

acid are:— Sulphates of sodium (less frequently potassium), ammonium,
calcium, aluminium, iron and lead, exceptionally also of zinc and

copper ; arsenic, selenium, thallium, titanium, nitrogen oxides, hydro-

chloric acid, sulphurous acid, and hydrofluoric acid.

Acidum sulfuricum purissimum is, according to Krauch,^ tested for

fixed residue, nitric acid, selenium, reducing substances, lead, other

metals, arsenic, ammonia, and the halogens.

Gc7ieral exauiinatioti for gaseous impurities (Warington). T\\o

kilos of the undiluted acid are thoroughly shaken in a flask, of a

capacity equal to twice the volume of the acid, so as to saturate the

air in the flask with the gases dissolved in the acid. The atmosphere

in the flask is then tested for sulphurous acid by iodised starch paper

and for gaseous oxides of nitrogen by potassium iodide starch

paper. Any blue coloration produced by the latter gases will not be

destroyed by sulphurous acid unless this is present in considerable

excess. Sulphuretted hydrogen reacts like sulphurous acid in this

test.

Sulphurous acid. This gas will decolorise a starch solution rendered

faintly blue by iodine ; or it may be converted into sulphuretted

hydrogen by means of zinc or aluminium, and examined by lead acetate

paper or by an alkaline solution of sodium nitroprusside. The latter is

a very delicate test.

Hydrochloric acid. Two g. are diluted to 30 c.c, and a few drops

of silver nitrate solution added ; in the case of acid, sulfuric, puriss

no turbidity should result. The hydrochloric acid present in ordinary

commercial vitriol arises from the sodium chloride present in the

nitre.

The qualitative examinatioji for traces of Nitrogen Acids is best made
with diphenylamine. The diphenylamine is dissolved in about 100

parts of pure sulphuric acid, or failing this, in an acid freed from

nitrogen compounds by boiling with the addition of a very small

amount of ammonium sulphate, and the solution diluted with about ^V
of its volume of water. The solution may be used at once, or may be kept

if desired : it becomes, however, discoloured and less sensitive after some

time. In testing concentrated sulphuric acid for nitrogen acids about

2 c.c. of the acid are placed in a test-tube or conical test-glass, and about

I c.c. of the diphenylamine solution added carefully so that the two

layers only mix slowly ; in the case of weaker acids or other solutions of

lower specific gravity the order is reversed, and the heavier diphenyl-

amine solution placed below. The slightest trace of nitrogen acids is

^ The Testing of Chemical Reagentsfor Purity, p. 305.
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shown by the development of a beautiful blue colour at the junction of

the two solutions.^

In the presence of Selenium, which also gives the above reaction with

diphenylamine, nitrogen acids, if present in somewhat large quantity,

may be recognised by the decolorising effect on indigo solution, whilst if

only present in traces they may be detected by the reddening produced

in a solution of brucine sulphate. Selenium is detected by the formation

of a brownish-red precipitate on the addition of a concentrated solution

of ferrous sulphate to the vitriol ; this precipitate cannot be confused

with the simple coloration produced by nitric oxide. The detection of

nitrogen acids by means of ferrous sulphate has been described above

(P- 340-
_

Nitrous acid can be detected by a number of very delicate reactions,

which are not given by nitric acid. These include the blue colora-

tion produced in potassium iodide starch solution, or still better in zinc

iodide starch solution. Its presence is detected with especial ease by

the formation of azo-colours, a reaction first discovered by Griess,

who recommended the use of metaphenylenediamine, which gives rise

to a yellow coloration, and also the still more sensitive reaction with

sulphanilic acid and a-naphth}-lamine, which produces a rose coloration.

The latter reagent has the disadvantage that the naphthylamine solution,

even when prepared from a perfectl)- white salt, becomes dark coloured

after a relatively short time, and as a result loses its sensitiveness.

Further, in very dilute solutions, such as i in looo millions, the

reaction takes place so slowly that it is impossible to be quite certain

that the coloration arises from the substance tested and not from

nitrous acid present in the air ; the time may be appreciably shortened

by warming the solution, but even in this case fifteen to twenty minutes

may be necessary.

Ilosvay- found that by using acetic acid instead of sulphuric acid or

hydrochloric acid, the time required for the reaction is very much
decreased, and that at the same time the colour is developed to a much
greater extent. He overcomes the difficulty of the discoloration of the

naphthylamine by adopting the following method of preparing the

solution:—0-5 g. of sulphanilic acid is dissolved in 150 c.c. of dilute

acetic acid and o-i g. of solid naphthylamine is boiled with 20 c.c. of

water, the colourless solution poured off from the bluish-violet residue,

and 150 c.c. of dilute acetic acid added to this solution. In testing, a few

c.c. of the sulphanilic acid solution are added to about 20 c.c, of the

solution to be examined, the mixture warmed to 70^^ to 80", and the

naphthylamine solution then added. In the presence of one part of

nitrous acid in lOOO million parts of solution the red coloration, due to

the azo-colour produced, appears in about a minute ; if the nitrous acid

1 Q: Lunge, Z angew. Chein., 1S94, 7, 345. - BuU. Soc. Chim., 1889 [3], 2, 317.
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be present in relatively large amount, about i : looo, only a yellow -solu-

tion is obtained unless a concentrated solution of naphth}-lamine be

employed.

Lunge 1 mixes the solutions of sulphanilic acid and naphth}-lamine

prepared according to Ilosvay's directions, together, and keeps the

mixture in a well-stoppered bottle. It is unnecessary to exclude light

from the mixed solutions, but it is essential to prevent access of air, since

this may possibly contain nitrous acid as an impurity. By thus combin-

ing the two reagents in a single solution, any contamination by nitrous

acid from the atmosphere is at once evidenced by the red colour of the

solution. A solution that has become red may be very quickly rendered

fit for use by shaking with zinc dust and filtering. With the reagents

ready mixed, the reaction may also be hastened b}- warming the solution

to 70' to 80". (Cf. infra, under the quantitative application of the

method.)

Riegler- recommends the use of naphthionic acid or sodium
naphthionate and /3-naphthol, but this has no advantage over Griess'

reagents, and according to Riegler himself is not so sensitive (i : 100

million). This reagent can be used colorimetrically.

H. Erdmann" employs sulphanilic acid in h}'drochloric acid solution,

or, still better, /-amino-benzoic ester, followed by the acid sodium salt of

i-amino-S-naphthol-4-6-disulphonic acid (also known as amino-naph-

thol-TT acid, and sold under the name "Water-analysis reagent

—

Bagdad "). The coloration produced by this reagent is a bright wine-

red. Mennicke^ has defended this method against certain adverse criti-

cism, and states that one part of sodium nitrite in 2000 million parts of

water can be detected by its aid.

Brucine in sulphuric acid solution reacts onh' with nitric acid and
not with nitrous acid when sulphuric acid is present in large excess

;

nitrous acid onh' gives a coloration if the solution contains at least two
parts of water to each part of sulphuric acid. Consequently, to test only

for nitric acid, the solution should contain sulphuric acid equal to 2/3 of its

volume, and the test be carried out by adding i c.c. of a solution of 0-2 g.

brucine in 100 c.c. strong sulphuric acid, to 50 c.c. of the solution to be

examined. In the presence of o-oi mg. nitrate-nitrogen, a red colour

—

subsequently passing through orange to a golden yellow''—results.

Hydrofluoric acid may be detected by warming the acid in a

platinum dish, covered with a glass plate coated with wax in which
figures have been scratched.

Ainuiouia. Two g. of the acid arc diluted with about 30 c.c. of

water, the solution made alkaline by the addition of a potassium

1 Z. aiigeu: C/ieiih, iSSg, 2, 666. » Z. angeu: Cheiii., 1900, 13, 33.
- Z. anal. C/iem., 1896, 35, 677 ; 1897, 36, 306, 377, 665. » Ibid., 1900, 13, 235 and 711.

^ Cf. Winkler, Z. angew. Clurn., 1901, 14, 170 ;
and. Lunge, ilui., 1901, 14, 241.
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hydroxide solution containing 3 to 4 g. pure hydroxide, and ten to fifteen

drops of Xessler's reagent added ; no distinctly yellow or brownish-red

coloration should result.

Krauch states that by this method i mg. XHo in 100 g. concen-

trated sulphuric acid will produce a distinct yellow coloration and

turbidit}'.

Solid impurities. Lead is shown b\- an}- turbidit}- which results on

the addition of five volumes of strong alcohol to one volume of the

acid ; simple dilution with water is sufficient if the lead be present

in considerable quantitx'. The presence of lead ma\' be confirmed by

examining the precipitate in the blowpipe flame, etc.

Iroti. The acid is boiled, after the addition of one drop of pure

nitric acid, diluted slightly, and when cold, treated with an excess of

thiocyanate solution. A blank test should always be made with the

nitric acid employed, to make sure that any red coloration produced is

not due to this.

Venable ^ emplo)'s a mixture of cobalt nitrate and strong hydro-

chloric acid. Traces of ferric salts change the blue colour of the solu-

tion to green ; ferrous salts do not affect it.

Seleniinn is recognised by the red coloration and subsequent red

precipitate produced by the addition of ferrous sulphate to the solution
;

the reaction is hastened by warming. Sulphurous acid is a better re-

agent than ferrous sulphate for this test. The presence of o-oi per cent,

of selenium is shown, after some hours, by either reagent. Codeine may
also be used, but it is less sensitive than the preceding reagents, requir-

ing 0-5 per cent, of selenium to show a reaction.- Selenic acid cannot be

tested for by any of these reagents, but it may be detected by means of

acetylene, which also reacts with selenious acid, and produces a red

coloration in the presence of onl}' o-ooi per cent, of selenium ; a little

hydrochloric acid hastens the separation of the selenium, which is

soluble in hot sulphuric acid, forming a green solution.

Detection and Approximate Estimation of Arsenic

Examination for this impurity is always important, and it is abso-

lutely necessary in all cases where the acid is sold as pure, or is

intended for use in the preparation of substances such as glucose,

tartaric acid, mineral water, yeast, etc., which either directly or in-

directly may be used as food-stuffs. Sulphuric acid, prepared from

pyrites, unless specially purified, usually contains from o-i to 0-2 per

cent, of arsenious oxide, and, in exceptional cases, up to i per cent,

and more.

^ Z. anal. Chein., 1889, 28, 699.

- Jouve, Chem. Centr., 1901, I., 1389 ; and, Orlow, ihid., 1901, I, 4S0.
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Very special attention has been directed to the presence of arsenic

in sulphuric acid, owing to the numerous and in some instances fatal

cases of arsenical poisoning that occurred in the year 1900. It was

found that these cases arose from the consumption of beer, in the brewing

of which glucose containing arsenic had been employed, the arsenic in

the glucose being traced in turn to the sulphuric acid used in its manu-

facture. The investigation into the origin of this poisoning led to the

publication of much important work on the detection and estimation of

arsenic in various materials.-^

Of the various methods of testing for arsenic, that of IMarsh, more

recently and correctly known as the ]\Iarsh-Berzelius test, is b}- far the

most general!)' emplo\-ed ;
the Reinsch and the Gutzeit methods are

also largely used.

As a sequel to the outbreak of arsenical poisoning referred to

above, a joint committee of the Society of Chemical Industry and of

the Society of Public Anal}-sts was appointed in iQOijto investigate

the various methods for the detection and approximate estimation of

arsenic in beer, brewers' materials, food-stuffs, and fuels ;
- this com-

mittee reported in favour of the IMarsh-Berzelius test as the most

reliable and generally applicable method.

According to Hehner,^ ordinary pyrites vitriol contains on the average

0-2 per cent, of arsenious acid (As.,Oo) ; such acid, after purification, he

considers permissible for use in the preparation of foods and for the other

purposes mentioned above, provided that the arsenic left in does not

exceed 0-05 mg. As.O^ in 10 g. of the acid, that is, one part AS.O3 in

200,CXXD parts of acid. Very frequently the amount of arsenic remain-

ing after purification is less than this limiting value, but no acid

prepared from pyrites, and perhaps not even that from Sicilian brim-

stone, is absolutely free from arsenic ; on the other hand, such freedom

might be expected in acid made by the " contact process " when platinum

is employed as the contact material. Acid prepared by the ferric oxide

contact process is not free from arsenic (Conroy). Arsenic present to

the extent of o-ooi mg. ma\' be detected and estimated without special

difficulty.

A. The Marsh- Berzelius Test.

The actual test, as proposed by Marsh in 1827, consisted in the

formation of a dark stain on a piece of cold porcelain brought into a

burning mixture of hydrogen and arseniuretted hydrogen. For more

exact purposes, this is generally combined with the Berzelius reaction

by heating the arsenical h)-drogen gas during its passage through a

' Cf. Report of the Royal Coramissioa on Arsenical Poisoning, 1903 ; J. Soc. C/ieni. Imi.

1904, 23, 159.

- Tlie full Report of the Committee is published in the/. Soc. Chan. lud., 1902, 21, 94.

^
J. Soc. Chem. Ind.^ 1 901, 20, 188.
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glass tube, and so effecting a decomposition of the arseniuretted

hydrogen with the separation of the arsenic in the form of a mirror.

The following are the details and conditions for carrying out the

test as recommended by the joint committee of the Society of Chemical

Industry and the Society of Public Analysts.

The materials required are :

—

1. Hydrochloric acid. The purest hydrochloric acid obtainable is very

rarely free from arsenic. To the " pure " acid as purchased for analysis,

diluted with distilled water to a sp. gr. of i-io, sufficient bromine is

added to colour it strongly yellow (about 5 c.c. per litre) ; sulphurous

acid, either gaseous or in aqueous solution, is then added in excess^

and the mixture allowed to stand for at least twelve hours ; or hydro-

bromic acid and sulphurous acid may be used. The acid is then

boiled till about one-fifth has evaporated, and the residue can either be

used direct or it may be distilled ; the whole of the arsenic is volatilised

with the first portion.

2. Sulpluiric acid. This is more frcquentl}- obtainable arsenic-free

than hydrochloric acid. If not procurable, to about half a litre of

sulphuric acid, " pure for anaK'sis," a few grams of sodium chloride

are added and the mixture distilled from a non-tubulated glass retort,

the first portion of the distillate, about 50 c.c, being rejected. For

the purpose of the test, one volume of the distilled acid is diluted with

four volumes of water.

3. Nitric acid can, as a rule, be obtained free from arsenic, without

much difficulty, the pure redistilled acid being used. This should be

tested b}' evaporating 20 c.c. in a porcelain dish, which should then be

washed out with dilute acid, and tested as described below.

The purified acids should be prepared as required, and should not

be stored for any length of time. If this be unavoidable, however,

Jena flasks are to be preferred, since most bottle glass is liable to com-

municate traces of arsenic.

4. Zinc. Arsenic-free zinc is obtainable from chemical dealers.

It should be re-granulated b\- melting and pouring it from some
height into cold water. A. H. Allen holds it to be essential, both for

a regular evolution of hydrogen and for the formation of uniformly

deposited brown-coloured mirrors, that the zinc should contain a trace

of iron.

5. Calcimn Jiydroxidc. Even when made from white marble this

is not always free from arsenic
; a selection must, therefore, be made

from various samples. If pure lime is not obtainable, magnesia may
equally well be used, and can more readily be obtained of sufficient

purit)-.

6. Calcimn chloride. This salt often contains arsenic, and before being

used as a drying agent must be freed from the volatilisable part of the
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impurity by moistening it with strong hydrochloric acid, fusing, and re-

granulating.

The apparatus to be used is shown in Fig. 12S.

A bottle or flask, a, holding about 200 c.c. (for frothing materials this

should be preferably \\'ider at the top than at the bottom) is fitted with a

doubly bored cork, or rubber stopper, or with a ground-in glass connection

carrying a tap funnel, b, holding about 50 c.c, and an exit tube, c. The
latter is connected with a drying tube, d, containing first a roll of blotting-

paper, c, soaked in lead acetate solution and dried, or a la}'er ofcotton wool

prepared in a similar way, then a wad of cotton wool,/, then a layer,

g, of granulated calcium chloride, and finall}- a thick wad, h, of cotton

wool. To this tube is fitted a hard glass tube, z, drawn out as shown

in the figure to a thinner tube, k, and of such external diameter that

at the place where the arsenic mirror is to be expected, the tube just

passes through a No. 13 Birmingham wire gauge (corresponding with

0-092 inch = 2- 34 mm.). The exact size is not material, but all tubes

used for standards and tests should be as nearly as practicable of the

same diameter. A good Bunsen flame is used to heat the hard glass

tube close to the constriction. About one inch of tube, including the

shoulder, ought to be red hot. A piece of moderateh- fir.e copper gauze,
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about one inch square, wrapped round the portion of the tube to be

heated, assists in ensuring an equal distribution of heat.

Alethod of testing. About 20 g. of zinc are placed in the bottle, a,

and washed with water to clean the surface, as particles of dust nriay

contain arsenic ; all the parts of the apparatus are connected up, and a

sufficient quantity of acid, prepared as described, is allowed to flow from

the funnel, b, so as to cause a fairly brisk evolution of hydrogen. When
the hydrogen flame, which during the heating of the tube, 2, should be

kept at as uniform a height as possible (about a quarter of an inch),

burns with a round, not pointed tip, all air has been removed from the

apparatus. The plug in d prevents the flame from striking back. The
burner is then placed under the hard glass tube as described, and more

acid (10 to 20 c.c. is generally enough) run in as required. With good

materials no trace of a mirror is obtained within half an hour. Great

care must be taken that when additions of acid are made to the zinc,

no air-bubbles are introduced, since in presence of air the arsenic

mirror may become black and unevenly distributed ; when the experi-

ment is properly conducted the mirror is brown. Should the blank

experiment not be satisfactor)% it must be ascertained, by changing

the materials methodically, whether the fault lies with the acid, zinc, or

other materials, or with the apparatus.

Preparation of standard mirrors. When a satisfactory blank experi-

ment has been obtained, a series of standard mirrors are prepared under

the following conditions :

—

A hydrochloric acid solution of arsenious oxide, containing o-ooi mg.

AS.3O3 per c.c, is prepared by diluting a stronger solution with distilled

water. Two c.c. of this solution, equal to 0-002 mg. of arsenious oxide,

are introduced into the apparatus, a new tube, ik, having been joined to

the drying tube. If the zinc is sensitive, a distinct brown mirror is

obtained after twenty minutes. It is important to note that some " pure "

zinc is, from a cause at present unknown, not sufficiently sensitive ; that

is to say, the addition of minute quantities of arsenic produces no

mirror. The portion of the tube, ik, containing the mirror is sealed

off while still filled with hydrogen ; in contact with air the mirrors

gradually fade. Mirrors are then similarly made with 0-004, 0-006, o-Oo8,

and 0-0 1 mg. of arsenious oxide. With a little practice it is easy to

obtain the deposits of arsenic neatly and equally distributed. The

standard mirrors, properly marked, are mounted on a white card or

porcelain slip. It is important to bear in mind that the first stage of

every test must be a blank of at least twenty minutes.

Hydrochloric acid is somewhat more sensitive than sulphuric acid
;

that is to say, it gives rather denser mirrors with minute quantities of

arsenic. If for any reason, sulphuric acid is preferred, the .set of

standard mirrors must be prepared with this acid.
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Organic materials, such as beer, yeast, etc., cannot be tested, when
sulphuric acid is used, without destruction of the organic matter, whilst,

as a rule, they can be directly tested with hydrochloric acid. However,
many materials are met with in which it is preferable to destroy the

organic matter.

Procedure zvitJiout destruction of organic matter. The apparatus is

started and a blank experiment allowed to go on for twenty minutes.

If no trace of a deposit is obtained, lo c.c. of the liquid to be tested

and lO c.c. of hydrochloric acid are put into the funnel, b^ and slowly

introduced into the bottle, care being taken to exclude air-bubbles.

Some materials, such as beers, are apt to froth, hence the necessity

for the slow introduction of the sample. If after about ten minutes no

mirror appears, another lo c.c. of the liquid with lo c.c. of hj-drochloric

acid are added, and the experiment continued for from fifteen to twenty

minutes, acid being added from time to time as may appear necessary.

The report also deals with the special precautions to be observed in

the examination of malt, hops, sugar, and other brewing materials, as

well as the particulars for cases in which the organic matter present

must be destroyed, as is frequently essential. Fuel, for example, is

incinerated after mixing with lime or magnesia, and the resulting

residue extracted with hydrochloric acid to obtain the " total arsenic."

If sulphites are present they must be oxidised by bromine, the

excess of the latter being removed by heating.

The committee found that arsenic acid as well as arsenious acid can

be detected and estimated by the procedure described. The quantitative

results are, of course, only approximate, and cannot be relied upon for

quantities of arsenious oxide below 0-003 ^^Z- ^^ ^"^ additional pre-

caution, a second tube should alwa)'s be substituted for that containing

the mirror, and the experiment continued for a further period of from
fifteen to twenty-five minutes, and any arsenic deposited added to that

previously obtained. As a further check, the tests should always be
made in duplicate.

To prove that the mirror obtained actually consists of arsenic, the

narrow portion of the tube, which should not contain more arsenic than
corresponds to o-oi mg. As^Oo, is cut off, the h}^drogen displaced by air,

and the ends of the tube then fused together. The sealed-up tube is

then drawn several times through a Bunsen flame until the mirror has

disappeared ; on cooling, minute crystals of arsenious oxide appear.

The sparkling of the cr)'stals can be seen with the naked e}-e, if the

tube be held in front of a luminous flame, and the crystals may be
readily identified under the microscope.

By carrying out the test in the manner described, it is possible to

detect, when working with 20 g. or 20 c.c. of substance, so low a per-

centage as 0-000015 As.,Oo or one part As.,Oo in 7,000,000.
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The foregoing description is intended for the detection of extremely

minute quantities of arsenic in food-stuffs and the Hke for forensic

purposes ; fuel is included on account of its use in the " kilning " of

malt.

For the examination of sulphuric acid the method may be simplified

by suitable modifications. For works purposes, for example, in testing

whether, in purifying, all the arsenic has been precipitated by sulphuretted

hydrogen, a much simpler apparatus will suffice, the test being frequently

carried out in a flask fitted with a glass tube drawn out to a point and

bent at right angles, and the examination made by observing whether

the hydrogen flame will produce a stain on cold porcelain. If no stain

is produced, it is assumed that only harmless traces of arsenic remain in

the acid.

A further refinement in the method for the detection of arsenic has

resulted from the work of the special Committee,^ appointed by the

Board of Inland Revenue, of which Prof T. E. Thorpe acted as chairman.

In the report two methods of carrying out the Marsh-Berzelius test are

described, namely, the zinc method and the electrolytic method. The
details for the first agree with those of the earlier arsenic committee

(p. 364), except that the apparatus recommended is much smaller and

the quantities of acid and zinc employed correspondingly less. The gas

evolution takes place more slowly and the arsenic is deposited on a

smaller surface of glass, which latter allows of a better comparison with

the standard mirrors. These improvements are considered essential by

the Inland Revenue Committee. Where cost of apparatus need not

be considered and where electrical current of suitable strength is avail-

able, the evolution of hydrogen by electrolysis is recommended. The
design of the apparatus and the manner of carrying out the test, as

worked out in the Government Laboratory, are illustrated and minutely

described in the report. In this method the conditions of experiment

may be made absolutely uniform, and more exact comparisons with the

standard mirrors should, in consequence, be obtained ; further, all

troubles arising from the presence of arsenic in the zinc are

eliminated.

The apparatus. Fig. 129, consists of the following parts. The glass

vessel A, open below, is fitted with a ground-in stopper furnished with a

tap funnel the tube of which projects slightly below the stopper. The
stopper is provided with a bent tube B', to which the calcium chloride

tube C is attached by a ground-glass connection. A strong platinum

wire, a, is also fused into the stopper, and to it a conical-shaped

^ Report of the Committee appointed by the Commissioners of Inland Revenue to specify the

ingredients of beers and the materials used in their preparation which are liable to be contaminated

by arsenic, and to prescribe tests, etc.
;
published by Wyman & Sons, London, 1903. Cf. also,

J. Chem. Soc.y 1903, 83, 974.
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platinum cathode, a
,
pierced with several holes, is attached. The vessel

A is supported by a porous cell D, the distance between the walls of the

two vessels being from 2 to 3 mm. The porous cell is made of Pukall's

porous porcelain, the walls of which are from i to 1-5 mm. thick ; it stands

in the thick-walled, glass anode vessel E. The anode consists of a strip of

platinum foil, 2 cm. broad, coiled loosely round the cell D, and connected

to the circuit by a strong platinum wire. The whole stands in a

cooling-vessel, F, by aid of which the temperature is kept below 50 .

The tube C contains firstly a plug of cotton wool, then for a length

of 5 cm. pure, rather finely granulated, calcium chloride, which must be

renewed after every three or four experiments, followed by a second

plug of cotton wool, and finally a roll of lead acetate paper ; this is

Fig. 129.

prepared by soaking filter paper in a cold saturated solution of lead

acetate, and after drying in the air, cutting it into strips i cm. wide and

then rolling it into a coil so as to fit loosely in the tube. A further

small spiral roll of lead paper is also inserted in the exit-tube from C,

which is connected with the constricted glass tube G by means of a small

piece of non-vulcanised rubber, care being taken that the ends of the

glass tubes are in contact. The tube G is made from a piece of Jena

glass tubing of 3-5 mm. internal and 5 mm. external diameter, and

is cleaned by successive treatment with acid, alcohol, and water. It is

then dried and heated in the blowpipe so that a portion of the tube,

about 2 cm. in length and 5 cm. from the end, is softened, when it is

drawn out to a length of 7 to 8 cm. and to a uniform external diameter

of 2 mm. The tube is then cut off near the end of the narrowed

2 A
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portion and the latter bent upwards to a height of i cm. ; it is

supported in slots in the metal cone H, surrounding the Bunsen flame
;

a piece of platinum gauze, c, about 2 cm. square, is wrapped round the

portion of the tube to be heated in the burner. The small burner J

has a circular base 12 mm. high and a tube 6 cm. high, and 5 mm.
internal diameter.

The resistance of the apparatus is 1-4 ohms, and working at 7 volts

potential difference between the pole wires and employing a current of

5 amperes, 40 c.c. of hydrogen are liberated per minute ; this gives a

steady flame 2 mm. high. The original description contains directions

for arranging the apparatus so as to permit several tests being carried

out simultaneously.

The sulphuric acid solution employed in the apparatus is prepared

from pure sulphuric acid, tested especially for freedom from arsenic,

which is diluted in the proportion of 7 vols, of water to i vol. of con-

centrated acid.

To apply the test to sulphuric acid, 5 c.c. of the sample are diluted

with 20 c.c. of water, 0-5 g. potassium metabisulphite added, the

solution boiled to drive off the sulphur dioxide, and allowed to cool.

The object of the addition of the metabisulphite is to reduce any

arsenic acid or arsenate present to the " arsenious " state, as this elec-

trolytic method is only applicable to arsenic in the condition of an

arsenite or of arsenious acid.

To carry out a test, the vessels A, B, and E are first thoroughly

washed with water, cold water poured into the cooling vessel F, and the

tube G connected with the drying tube C as described. The wires a

and b are then connected with the current by means of binding screws,

30 c.c. of dilute sulphuric acid poured into the anode vessel E, and 20 c.c.

into the porous cell D through the funnel B ; the current is then switched

on ; after ten minutes the air will have been sufficiently displaced to allow

the hydrogen to be lighted. At the same time the burner J is lighted, and
the flame so adjusted that the platinum gauze e is maintained at a red

heat If at the end of a further fifteen minutes no brown ring has

appeared in the narrow portion of the tube G, it is safe to assume that the

acid is free from arsenic. If this be the case, 2 c.c. of rectified amyl alcohol

are admitted to D through B, and followed immediately by the acid to

be tested, which has previously been prepared as described above, and
the funnel rinsed with 5 c.c. of water ; the funnel tube is thus kept full

of liquid, and so excludes air from the apparatus. The object of the

addition of the amyl alcohol is to prevent frothing. If arsenic be present,

a deposit will be formed, after a few minutes, at a point i to 2 cm.

removed from the heated portion of the tube ; after thirty minutes

practically all the arsenic will in most cases have been deposited. The
tap in B is then opened, the outer end of G immediately held with a
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pair of forceps, and a small pointed flame directed against the tube

between the end and the deposit at a point 3 cm. from the latter. The
tube fuses together immediateK' and is drawn off. The electric current

is then switched off and the tube G heated and drawn out near its wider

end, care being taken not to heat the arsenic mirror. The piece of tube

about 4 cm. long so obtained and containing the arsenic mirror, is placed

on a piece of white paper and compared with standard mirrors prepared

from very small quantities of arsenic employed in the form of a solution

of pure arsenious acid in h\-drochloric acid, and diluted so that i c.c.

contains o-oi mg. As.,0.,.o Jo
In order to obviate the necessit}- of reducing arsenic acid and

arsenates, Trotman ^ adds a few drops of zinc sulphate solution to the

contents of the inner cell ; this causes the hydrogen to be evolved in a

state of supertension which suffices to reduce an}- "arsenic" arsenic

present. The same object has been more satisfactoril\- attained b\-

using cathodes of metals, such as lead and zinc, which have a consider-

ably greater supertension than platinum. Sand and Hackford - recom-

mend the use of lead electrodes, and have described a suitable apparatus

for the electroh'tic estimation of minute quantities of arsenic, whilst

W. Thomson'^ recommends zinc electrodes; in both cases a complete

reduction of "arsenic" arsenic is said to be effected. Chapman and

Law^ have shown that arsenite solutions are completely reduced in

presence of sulphuric acid when cathodes of lead, tin, or of cadmium
are used, but that with other metals, including iron, a large proportion

of the arsenic is retained in the cell ; arsenate solutions behave similarly,

but in no case is the whole of the arsenic evolved as h}-dride.

Kiihn and Saeger ^ have described a modified form of the Marsh
test, which permits of a quantitative estimation of the arsenic. Ackro\-d *'

states that only the brown and not the blue modification of the arsenic

mirror is suitable for quantitative comparison ; the former results in the

case of organic liquids (glucose, beer, etc.), the latter from inorganic

solutions. Only dilute solutions should be employed in testing, and for

exact work fresh standards should be made each time.

Bertrand ' has proposed the following method for the detection of

YoVo ^S' arsenic or less. The acid used is warmed to from 30 to a

maximum of 60", the zinc added, and all air driven out of the apparatus

by pure carbon dioxide ; i to 2 drops of platinic chloride solution and

15 c.c. of dilute sulphuric acid (1:5) added, followed after an interval of

ten minutes by the solution to be tested. The gas evolved is dried by
passing through a plug of cotton wool previously heated to 120', and

^ /. Soc. Chem. Ind., 1904, 23, 177. ^ Analyst, igo6, 31, 3.

-y. Chem. Soc, 1904, 85, I018. * Bet:, 1890, 23, 1798.

^y, Soc. Chem. Ind., 1904, 23, 799 ^
J. Soc. Chem. Ind.^ 1902, 21, 1 900.

^ Bull. Soc. Cliwu, 1902 [3], 27, 851.
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then through a carefully cleaned glass tube of i mm. diameter, which is

narrowed by drawing out at a point some lo to 15 cm. behind

the place at which the ring is to be produced. A length of 20

cm. of the tube is heated to incipient redness. In the case of thick-

walled tubes it is advisable to confine the heated space by means of

strips of filter paper which are kept moist. Finally, the tube is sealed

at both ends in a current of hydrogen. According to Treadwell,^ the

addition of platinic chloride is inadmissible. Pederson- gives similar

details to those of Bertrand.

The zinc sometimes appears to be quite inactive {cf. p. 366), but such

zinc has the peculiar property of becoming active on remelting and

granulating. Allen ascribes this to the trace of iron, which ma}- be taken

up on melting in an iron ladle, and on this account he purposely adds a

trace of ferric sulphate. Large quantities of iron are, however, to be

avoided, since according to Parsons and Stewart '^ they cause a portion

of the arsenic to be retained in the hydrogen generating flask. The
influence of metallic salts on the sensitiveness of zinc has been especi-

ally studied by Chapman and Law.' Salts of palladium, platinum,

nickel, and of cobalt prevent the reduction of arsenic to its hydride by

zinc, whilst those of cadmium, tin, lead, aluminium, magnesium, and

the alkali metals have no effect. Alloys of most metals with "sensitive"

zinc, similarly inhibit the reduction, with the exception of the alloys of

zinc with tin and with cadmium. If, however, 2 g. of cadmium sulphate,

or of stannous chloride, or of lead acetate, be added to one of these

insensitive alloys (with the exception of that with nickel), the whole of

the arsenic is evolved as hydride. Similarly, the addition of 2 g. of

cadmium sulphate renders insensitive zinc capable of reducing arsenic

compounds; also, magnesium is rendered sensitive by the addition of a

cadmium, zinc, or lead salt.

Arsenic-free zinc is readily prepared, according to Hehner,'^ by melt-

ing about 500 g. of zinc with about i g. of metallic sodium ; on stirring, a

black scum is formed on the surface of the metal, which is removed.

The fused metal is then poured into a second crucible, again treated

with sodium, and granulated. If this treatment is carefully carried out,

the zinc obtained is absolutely free from arsenic.

The suggestion to employ aluminium foil and sodium hydroxide in

place of zinc, cannot be recommended for exact work. According to

Hehner,*" it is possible, when working with aluminium and sodium

hydroxide solution, to fail in obtaining a mirror even when 0-2 mg. of

arsenious oxide is present in 25 c.c. of the solution.

Great differences of opinion exist as to the influence of sulphites,

^ Analytical Clieinistr\\ vol. i., p. lyi. * Analyst^ 1906, 31, 3.

'^ Chem. Cent/:, 1903, I., 250. ^ J. Soc. Chem. /lul, 1902, 21, 675.
'^

J, Amer. Chem. Soc.^ 1902, 24, 1005. ^ C/iem. News, 1901, 83, 34.
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which are frequently present in the case of beer. According to some
authorities they interfere with the formation of the arsenic mirror, and
should consequenth' be oxidised with bromine water before testing {cf.

p. 1^7), whilst others maintain that the}- exert no prejudicial effect. The
extremely small amount of sulphur dioxide which may be present in

sulphuric acid need scarcely be considered. The presence of sulphites

only calls for consideration in the examination of beer, to which calcium

bisulphite has been added to check fermentation ; traces of sulphur

dioxide may also arise from sulphuring casks or hops.

Allen ^ purifies the h\-drochloric acid intended for use in the Marsh
test by adding a slight excess of potassium permanganate, and dis-

tilling. The distilled acid is quite free from arsenic, but the first

fraction coming over contains chlorine and must be rejected. Ling and
Rendle - effect the purification by boiling hydrochloric acid of constant

boiling-point, mixed with a small proportion of methyl alcohol, in a

reflux apparatus, under reduced pressure, with bright electrolytic copper,

free from arsenic ; a little arsenic-free granulated zinc is added to the

acid. The acid is then distilled over pure copper.

Other contributions concerning the estimation of minute quantities

of arsenic have been made b}- Lockemann,^ Mai and Plurt,^ Bishop,-''

Bertrand and X'amossy,^ and especially in the last report of the

Analysis Committee of the International Congress of Applied

Chemistry."

That selenium affects the delicacy of the test, has been shown both

by Dawydow- and by Bcrry.^ In this connection Rosenheim and
Tunnicliffe ^" have drawn attention to the fact that selenium, similarly

to arsenic, may give rise to symptoms of poisoning.^^ Rosenheim states

that the presence of selenium is not shown by the Marsh test, but

that when present with arsenic it influences the size of the arsenic

mirror, and ma\- even, under certain conditions, entirely prevent its

formation. The Reinsch test may be satisfactorily employed in presence

of selenium, provided silver foil is used instead of copper. Further, the

Gutzeit test is not influenced b}- the presence of selenium, though
Bettendorfs test is. Schindelmeiser ^"- has shown that in the Marsh test

selenium, if present, is deposited on the zinc, and that after such

deposition is complete arseniuretted hydrogen is evolved and may then

be detected as usual.

1 J. Soc. Chem. Ind.^ 1902, 21, 903.
' Report, 1906, pp. 280-318.

2 Analyst, 1906, 31, 37. » Chem. Ceittr., 1895, I., 81 1.

' Z. angew. Chem., 1905, 18, 416. ^
J. Soc. Chem. hid., 1901, 20, 322.

* Z. anal. Chem., 1904, 43, 537.
i** Ibid., 1901, 20, 390.

^ /. Amer. Chem., Soc, 1906, 28, 17S. " Chem. News, 1901, 83, 2S0.

^ Chem. Cent)-., 19C6, I., 1461. i'- Chem. Ceiitr., 1902, II., 960.
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B. Reinsch's Test.

This test depends on the fact that clean copper when immersed

in a h\-ch-ochloric acid solution of arsenious acid becomes covered with

a grey coating of copper arsenide As.,Cu- ; the deposit is formed in the

cold if much arsenic is present, but only on warming if the solution be

dilute. Arsenic acid only gives the reaction on warming. Since antimon}'

also gives a coating of similar appearance, any deposit formed must be

specially examined for arsenic (cf infra).

The Reinsch test has now been discarded to a considerable extent,

owing to its not being approximately quantitative in character, and

also because it is not reliable when the arsenic is present as arsenic

acid, or when sulphites are present. The test is, however, of consider-

able value in certain cases. According to Allen ^ it is preferable to

other tests for detecting arsenic in beer, etc. To carry out the reaction

he purifies the h)-drochloric acid as described above (p. 364), adds

a small quantity of the acid and bromine water to 100 c.c. of

the beer, boils for a few minutes to oxidise any sulphite present,

adds a small quantity of cuprous chloride to reduce the arsenic

to the arsenious condition, immerses i sq. cm. of copper foil in the

solution and boils for half an hour, adding water from time to time

to replace that lost by evaporation. If the copper becomes darkened,

it is dried on the water-bath, cut into strips, and examined for arsenic

by heating one of the strips in a narrow test-tube, and observing

whether a sublimate of the characteristic octahedra or tetrahedra of

arsenious oxide is formed. Larger cr}-stals are obtained b}' previously

warming the upper portion of the subliming-tube, and the appearance

of the crystals may be made more distinct b\' filling the tube with

water. A similar procedure, together with a minute description of the

various details involved in carr\-ing out the test, has been published

by a committee appointed b}- the Brewer's Central Association,

Manchester;'- the addition of an oxidising agent to destroy the

sulphite and of a reducing agent to convert arsenate to arsenite, is

omitted.

C. Gutzeit's Test.

This test is based on the action of arseniurctted hydrogen on solid

silver nitrate or mercuric chloride, prepared b}' allowing a drop of the

respective solution to dry on filter paper, or preferably, according

to Eidenbenz, by dissolving a small cr}'stal ?w situ on the paper, and

dr)'ing. Silver nitrate is first turned yellow, owing to the formation of

silver arsenide, and subsequently black, owing to separation of metallic

silver; mercuric chloride is turned }-ellow owing to the formation of a

' /. Svc. (Jiein. /;/'/., 1901. 20, 281. - ///</., 1901, 20, 646.
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mercLirous salt having the composition As(HgCl).j. The test is

generally performed b\- placing a small piece of granulated arsenic-free

zinc in a test-tube, adding the material to be tested, and then, provided

the material itself is not acid, a small quantity of dilute sulphuric acid.

A plug of cotton wool is placed in the upper part of the tube and

the tube capped with the previously prepared piece of filter paper.

Sulphuretted hydrogen, phosphoretted hydrogen, and antimoniuretted

hydrogen interfere with the reaction. The test is, however, frequently

employed in the examination of commercial acids and of other sub-

stances ; its applications and reliability have been specially studied

by Fliikiger,^ Richardson,- Gotthelf,-^ Dunstan and Robinson,"^ and by

Goode and Perkin.'

Kirkby's modification '' of the Gutzeit test, which is frequcntK-

employed, is based on the observation that hydrogen sulphide

ma)- be completely removed from

the evolved gases by means of a

5 per cent, solution of lead acetate,

without any loss of arsenic. The
apparatus used for carrying out the

test is shown in Fig. 130. The
h}'drogen is evolved in the flask a,

and is purified by passing through

five bulbs, the two lower, bb,

being half filled with 5 per cent,

lead acetate solution, and the two

upper, cc, with water. The puri-

fied gas passes into a small funnel, c/,

which is capped with the spotted

and dried filter paper.

Tyrer' washes the gas with a 10 per cent, solution of lead acetate

in a two-bulb apparatus of different type to the above. A simple form of

apparatus, but perhaps not so reliable, has been described by Dowzard.^

F. W. Richardson ^ recommends the Gutzeit test, owing to its

simplicity as compared with the Marsh test, and the possibility of

carrying it out without special precautions.

Hehner ^^ objects to the test on the ground that it is impossible to

be certain that the stain obtained has been caused by arsenic,

since hydrogen phosphide, etc., will also produce similar stains
;
apart

from this, he considers the test very satisfactory and delicate. The

1 Arc/i. Pharm., 1889, 27, I.

-y. Soc. Chem. /nd., 1902, 21, 901.

" Ibid., 1903, 22, 191.

• //lid., 1904, 23, 999.

5 Ibid., 1906, 25. 507.

•5 Ihid., 1901, 20, 281.

' Ibid.

* Jhid., 1900, 19, 1 145.

^ Ibid., 1902,21, 902 ; cf. Gotthelf, ibid., 1903, 22, 191.

^o Ibid., 1 90 1, 20, 194.
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method of testing proposed by Bird ^ overcomes Hehner's objection.

The stain is treated with boiling hydrochloric acid, whereby a stain

produced by phosphoretted hydrogen changes to lemon-yellow, one

due to sulphuretted hydrogen disappears, one due to antimoniurettcd

hydrogen changes to pale grey, whilst that produced by arseniuretted

hydrogen changes to brick-red, and may even be recognised when
all the gases mentioned are present together in the test. The arsenic

stain vanishes on treatment with bromine-hydrochloric acid, and the

arsenic may be detected in the resulting solution by means of the

brownish-red coloration produced on addition of stannous chloride.

The application of Gutzeit's test to the quantitative estimation of

arsenic has recentl}- been very fully investigated by Sanger and Black.

-

D. Bettendorfs Test,

A few drops of the solution to be tested are added to i c.c. of con-

centrated hydrochloric acid, and ?, c.c. of a solution of stannous chloride

dissolved in an equal weight of strong hydrochloric acid added to the

mixture. If arsenic be present the solution quickly turns brown, and a

dark precipitate of metallic arsenic gradually separates out. The
change occurs more readily on warming the solution. The reaction

does not take place with aqueous solutions of arsenious acid, but only

with the arsenious chloride which is formed from it in the presence of

strong hydrochloric acid. Hydrogen phosphide and antimoniuretted

hydrogen are not reduced by stannous chloride, and consequently do not

interfere with the test.

According to Messel,^ o-oi mg. As.^O., in i c.c. sulphuric acid may
be detected by this method.

The " tin foil test," which consists in the addition of strong hydro-

chloric acid to vitriol, then tin foil, and warming the solution, is

practically identical with the Bettendorf test.

Of other tests that have been proposed, the following may be

mentioned:—Donath'* mixes lo to 15 c.c. of the acid with an equal

volume of water, adds a strongly acid solution of stannous chloride,

heats nearly to boiling-point, and adds gradually a solution of sodium

sulphite. Should arsenic be present, it separates out after some time

in the form of finely divided yellow arsenious sulphide.

Seybel and Wikander'' make use of the yellow precipitate Asl.,,

produced on addition of potassium iodide. Free chlorine, ferric salts,

nitrous acid, and lead interfere with this reaction.

1
J. Soc. Chem. Ind., I901, 20, 390. ''

J. Soc. C/iem. /«</., 1901, 20, 192.

2 Jbid., 1907, 26, 1 115. * Z. anal. Chem., 1897, 36, 664.

' Chem. Zei/., 1902, 26, 50.
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Quantitative Estimation of Sulphuric Acid and
OF its Impurities

Free Sulphuric acid is estimated almost exclusively by titration

with a standard solution of sodium hydroxide
; the gravimetric deter-

mination by precipitation as barium sulphate is much less exact, and
includes, moreover, any combined sulphuric acid which may be present.

On the other hand, the volumetric method includes, as sulphuric acid,

other acids which are. present in the free state, but in commercial sulphuric

acid the quantity of such other acids may be neglected as unimportant.

In the case, however, of nitrating and of spent acids, the process

described on p. 332 must be employed.

For the volumetric estimation, 2 to 3 g. of the acid arc weighed off

in a bulb pipette (Fig. 134); pipetting concentrated sulphuric acid is

precluded by reason of its viscosity. The outside of the pipette is care-

fully cleaned, and the acid then allowed to flow into a relatively large

volume of water, and the pipette re-weighed without washing out. The
pipette need not be cleaned and dried for further determinations ; it

suffices to wash it out several times with the fresh acid to be tested.

Working with the quantity of acid given above, it is best to

titrate with normal sodium hydroxide solution. The most satisfactor}'

indicator is methyl orange, used sparingly {cf. p. 65), at the ordinar\'

temperature and not in a warm solution. The amount of nitrous acid

present in commercial vitriol does not interfere with the titration, but

when larger quantities are present the test must be made as described

on p. 66.

Sulphurous acid, if present in appreciable quantity, is best estimated

by means of iodine (p. 1 16). Should nitrogen acids be present, sulphurous

acid can only exist in traces, and cannot in such cases be determined
quantitatively.

Nitrous acid (Nitrosyl-sulphuric acid), if present to an}- considerable

extent, is estimated by potassium permanganate (p. 343). Such small

amounts as cannot be determined with certainty either by per-

manganate or by the nitrometer, may be estimated colorimetricall}-.

Of the various methods proposed for this purpose, that in which the

modified Griess reagent (a-naphthylamine and sulphanilic acid) is

used, is the best.^

Lunge and Lwoff found that a large excess of this reagent is neces-

sary in order to obtain reliable colorimetric results, and that in the

absence of such excess the intensity of the coloration increased at a

much slower rate than corresponds to the percentage of nitrous acid

present. Under suitable conditions and with at least one hundred times

^ llosvay, Bull. Soc. C/iem., 1894, II, 216 ; Lunge and Lwoff, Z. a)igew C/iem., 1894, 7, 348
;

the whole of the literature relating to the subject is given in this paper.
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the quantity of reagent theoretical!}' necessary, the intensity of the

coloration corresponds to the percentage of nitrous acid. By observing

the details given below for the preparation of fresh reagent, the addition

of I c.c. suffices in all cases to which the colorimetric method is applicable
;

the applicability is, of course, restricted to dilute solutions.

As is well known, the red coloration produced b}- the action of very

minute traces of nitrous acid only appears after some time, and continues

to grow in intensity for several hours. This might appear to be a draw-

back in the application of the test for colorimetric determinations, but it

is not really so, for if all conditions, more particular!)' the time allowed

for reaction, are equal, the colour intensity and percentage of nitrous acid

remain comparable. If it be desired, therefore, to compare a solution of

unknown strength with a known standard solution, it is only necessary

to treat both with the reagent at the same time ; the comparison may
then be made either at the end of five minutes, or of half an hour, or

after twenty-four hours, and alwa}-s with the same result ; for though the

absolute colour intensit}' continualh' increases, the relative values remain

the same.

In the case of aqueous solutions the comparison may generally be

made directly, or at all events in a quarter of an hour, after the addition

of the reagent. The presence of free mineral acid even in traces retards

the reaction and renders the coloration less intense ; a large amount
of such acid entirely stops the reaction. This is due to the fact

that the '' coupling " of diazonium compounds is more or less

inhibited by the presence of mineral acids. This difficulty is readily

and completely overcome by adding sodium acetate in sufficient

quantity to take up the whole of the mineral acid. The sodium

acetate employed must, of course, give no coloration with the reagent,

which is not always the case with commercial acetate. A " normal

solution " for purposes of comparison must be prepared for the test.

Dilute aqueous solutions of sodium nitrite or of nitrous acid are not

suitable, owing to their instability. The nitrous acid is therefore

employed in the form of the perfectly stable nitrosyl-sulphuric acid,

and the " normal solution " is prepared by dissolving 0-0493 g. pure

sodium nitrite (=10 mg. N) in 100 c.c. of water and adding 10 c.c. of

the solution to 90 c.c. of pure sulphuric acid ; the solution thus contains

I 100 mg. of nitrite nitrogen per c.c.

In carrying out the test, i c.c. of the "reagent" diluted with about

40 c.c. of water is placed in each of two colorimeter cylinders; to the

one is added 5 g. of solid sodium acetate and i c.c. of the " normal

solution," to the other, 5 g. sodium acetate and i c.c. of the acid to be

tested, and the whole well mixed so that the nitrous acid may react

with the reagent at the moment of liberation. The colorations

produced may be compared when desired ; as a rule, five minutes'
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standing will prove sufficient. It is both unnecessary and disadvan-

tageous to warm the solutions in this case. The solutions are best

mixed by means of glass tubes blown below into a bulb corresponding

to the inside diameter of the cylinders, as in the Nessler test for

ammonia; by moving these stirrers up and down three or four times

efficient mixing is secured.

The "reagent" is prepared b\- dissolving o-ioo g. pure white

a-naphthylamine in lOO c.c. of water b\- boiling for one-quarter hour,

adding to this solution 5 c.c. of glacial acetic acid, or the equivalent

quantit}- of weaker acetic acid, followed by a solution of i g. of

sulphanilic acid in 100 c.c. of water. The mixture must be kept in

well-stoppered bottles. The solution readily discolours, but a faint rose

coloration may be disregarded since it disappears when i c.c. of the

reagent is diluted to the 50 c.c. used in the test ; an}- stronger coloration

may be removed by reducing the solution with zinc dust. One c.c. of

the reagent will, after ten minutes, indicate distinctly the presence of

i/iooo mg. nitrite nitrogen in 100 c.c. of water.

Nitric acid.—For the quantitative colorimetric determination of

nitric acid alone the brucine reaction ma}', according to Lunge and

Lwoff, be employed, if the comparisons be made not with the initial

red coloration but with the sulphur-}-ellow colour, which appears later.

The solutions required are:

—

(i) a brucine solution prepared b}' dis-

solving 0-2 g. brucine in 100 c.c. of pure concentrated sulphuric acid
;

and (2) a normal solution of potassium nitrate containing yi,j mg. nitric

acid nitrogen per c.c, prepared b}" dissolving 0-0722 g. of the pure

salt in 100 c.c. of distilled water and making 10 c.c. of this stock solution

up to 100 c.c. with pure concentrated sulphuric acid. These solutions

are best kept in well-stoppered burettes fitted with glass taps ; that

intended for the " normal " solution should be graduated in ..^ c.c.

The sulphuric acid to be tested may be used directly, provided

it is of not less than 1-7 sp. gr. ; weaker solutions or acids must be

mixed, in measured ratio, with pure concentrated sulphuric acid until

the above strength is approximately attained (cf. p. 361); thus water

alone will require the addition of three times its volume of concentrated

acid.

Narrow 50 c.c. graduated cylinders of pure white glass are employed
in comparing the colours ; the graduated portion should be about 24 cm.

in length, and the cylinder should extend a further 10 cm. beyond the

last graduation mark, to allow for mixing. The Hehner cylinders, which

are furnished with side taps at a height of about 5 cm. from the bottom,

are very convenient. An actual colorimeter will, of course, give the

most accurate results.

The test is made as follows :— i c.c. of the normal solution and i c.c.

of brucine solution are placed in one of the cylinders and pure con-
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centratcd sulphuric acid added up to the 50 c.c. mark ; the mixture is

then transferred to a flask and heated to yo to 80". When the colour

has changed to sulphur yellow the solution is cooled and returned to

the cylinder. The solution to be tested is treated similarl)^, it having

been ascertained b}- a preliminary test whether the liquid should be used

alone or after admixture with more concentrated sulphuric acid. Part

of the solution is then poured away, or run off through the side tap, from

one or other of the cylinders until the depth of colour is the same in

each ; the result is then obtained in the usual way by calculation from

the measure of normal solution required per given volume of the

unknown solution.

Selenious acid, according to Lunge,^ has no effect on brucine.

In the presence of appreciable quantities of iron salts such as may
occur, for example, in certain makes of concentrated sulphuric acid, the

brucine test is less delicate, and the colour changes produced are not

uniform even when equal quantities of nitric acid are present.

Lead—Concentrated acids are diluted with an equal volume of

water and twice the volume of alcohol, and allowed to stand for some
time. The precipitated lead sulphate is filtered off, washed with

dilute alcohol, dried, and ignited. The precipitate should be separated

from the filter paper as completely as possible ; the latter must not be

ignited in a platinum crucible, i g. PbS04 = 0-6829 Z- ^^•

Iron.—If the quantity present is not too small, titration with per-

manganate may be employed after first reducing the iron to the ferrous

state. This reduction may be carried out in many ways. The most

general method is by means of chemically pure zinc, which should

always be tested for freedom from iron, the reduction being hastened

by warming, and carried out in a flask fitted with a Bunsen valve, or still

better with a Contat bulb (Fig. 39, p. 106), or, according to Winkler, by

wrapping a zinc rod with platinum wire. The reduction is complete

when a drop of the solution, withdrawn by the aid of a capillary tube,

produces no red coloration with potassium thiocyanate. The solution

is allowed to cool, poured through a funnel provided with a platinum

cone or nearly closed by a glass stopper (not through filter paper), to

keep back the zinc, the flask and undissolved zinc washed with

thoroughly boiled, air-free water, and the solution titrated. Should the

zinc contain iron, a blank experiment must be made on at least 3 g. of

the zinc, a weighed quantity of this taken for the reduction, and the

operation continued until all the zinc has been dissolved.

Skrabal- employs about one hundred parts of zinc for each part of iron

present, from which it will be seen that the smallest trace of iron in the

zinc may lead to very appreciable error. Any titanic acid present will also

be reduced by the zinc, and must consequently be taken into account.

1 Ber.^ 1887, 20, 2031. " Z anal C/iem., 1903, 42, 359.
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For very small quantities of iron, Gintl ^ uses palladium charged with

hydrogen, and so avoids introducing foreign matter into the solution.

The hydrogenised palladium is prepared by electrolysing sulphuric acid

with palladium as the cathode. Winkler- recommends a cylinder of

palladium gauze for this purpose ; this is suitable for reducing larger

amounts of ferric salts.

Ebeling^ proposes to add a little thiocyanate to the iron solution

itself in order to ascertain when reduction is complete, the heating being

continued until the red coloration has disappeared. Volhard'* has

shown that this is unsuitable, partly because the thiocyanate is

destro}'ed in the process, and partly because traces of iron require a com-

paratively large excess of thiocyanate for their detection.

Other methods of reduction possess no advantages over the use

of zinc for the estimation of small quantities of iron in commercial pro-

ducts, and are consequently seldom employed for this purpose. These

include reduction by sulphuretted hydrogen recommended by Tread-

well,^ sulphurous acid, stannous chloride, etc. The case is, of course,

different when large quantities of iron have to be determined, as for

example in ores, when reducing agents other than zinc are frequently

employed.

In the foregoing and analogous cases it is advisable to use N'j20

potassium permanganate solution, prepared by diluting the seminormal

solution (p. 99) ; i c.c. will correspond to the 0002795 g. Fe. Further,

a considerable quantity of the acid, say 50 c.c, should be employed

for the test, since as a rule the quantity of iron present is only very

small.

For very small amounts of iron the colorimetric ferric thiocyanate

method may be emplo\-ed. It is scarcely possible to obtain nitric acid

absolutely free from iron for oxidising the iron in the solution to be

tested to the ferric state, but this difficulty may be overcome by employ-

ing as pure an acid as possible, working only with small quantities, and

by making a blank test for comparison. The best results are obtained

under the following conditions worked out by Lunge.*"

Glass-stoppered 25 c.c. cylinders of perfectly colourless glass, gradu-

ated in yV c.c. divisions, are employed in the test. The total height of

each cylinder is 17 cm. and the internal diameter 13 mm.; to facilitate

mixing, the graduated portion does not reach beyond a point 5 cm. below

the stopper. The C}'linders should be as similar in size as possible, so

that equal volumes reach to the same height in each. At least three

^ Z. aiigew. Chem., 1902, 15, 398 and 424. - Massanalyse, 3rd edition, p. 95.

^ Z. aitgew. C/ieni., 1901, 14, 571. * Ibid., 1901, 14, 609.

5 Atialylkal Chemistry, vol. ii., p. 87. According to Cappadow (J3az. c/iim., 31 (ii.). 217) and

Skrabal (Z. anal. C/ieni., 1903, 42, 359), this method is inexact, owing to iron sulphide being

carried dow n with the precipitated sulphur.

^ Z. aiigew. C/tem,, 1896, 9, 3.
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cylinders are required ; it is preferable to have four or six. The neces-

sary reagents are : (i) a lO per cent, solution of potassium thiocyanate
;

(2) pure ether
; (3) a solution of ammonium iron alum prepared by dis-

solving 8-630 g. iron alum in a litre of water, and diluting i c.c. of this

solution to 100 c.c. ; the solution will thus contain o-oio g. Fe per litre.

This dilute solution soon decomposes, especially in the light, and can

only be kept for a few days even in a dark place. The stronger solution,

containing the 8-630 g. iron alum per litre, may be kept for a consider-

able time if protected from air and light ; sometimes, however, it

becomes cloudy even after a short time. The stability is increased by

the addition of a little sulphuric acid, and if, in preparing the solution,

5 c.c. of pure concentrated sulphuric acid are added before filling to the

litre mark, the solution will remain perfectly clear for a long period. The
quantity of sulphuric acid thus introduced into the test scarcely amounts

to I mg., and is therefore negligible. (4) Pure nitric acid as above.

Fifty c.c. of the diluted sulphuric acid are taken for the test and first

oxidised by warming with exactly i c.c. of nitric acid. At the same

time a second i c.c. of nitric acid (4) is diluted to 50 c.c. with distilled

water. Should the experiment indicate later that the sulphuric acid

solution should be still further diluted, the nitric acid solution must

also be diluted to the same extent, so that in both cases the amount

of iron introduced with the nitric acid will be the same. Any nitric

acid which produces more than a very faint reddish tinge with the

thiocyanate solution must be rejected.

Exactly 5 c.c. of the prepared solution of the sulphuric acid to be

tested are then placed in one of the stoppered cylinders (A), and 5

c.c. of the diluted nitric acid in a second cylinder (B). To the latter a

suitable quantity, say i c.c. of the iron alum solution, is then added from

a burette, and to A an equal volume of water, so that the solutions in

the two cylinders are brought to the same dilution. Five c.c. of the

thiocyanate solution are next added to each solution. Both mixtures

will redden, but the coloration is frecjuently of a somewhat dirty

yellowish red, and its intensit)^ bears no relationship to the iron content

of the solution. Finally, 10 c.c. of ether are added to each c}'linder

and the contents thoroughly agitated. The aqueous solution contains a

double thiocyanate of potassium and iron. This double salt is split

up on shaking with ether, which dissolves only or preferably the iron

thiocyanate, as is evidenced by the rose-red coloration of the ethereal

solution as compared with the yellowish red of the aqueous solution.

Shaking must be continued until the aqueous layer becomes colourless.

The ethereal solution gradually darkens in colour, presumably owing

to a further splitting up of the double thiocyanate ; the solutions

should therefore be prepared in rapid sequence, and preferably only

compared after standing for several hours.
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Differences of considerable magnitude are detected immediately, so

that it only becomes necessary to employ, in addition to the cyHnder A,

containing the sulphuric acid solution, two other cylinders, B and C, to

which have been added the approximately correct quantities of iron

alum solution
;
the final comparison, however, is, as stated, not made

for some hours. The solutions should not be allowed to stand too long,

for instance, over night, for it sometimes happens that after long

standing the ether becomes nearly, or even perfectly, colourless, only a

strongly coloured narrow zone of liquid remaining at the dividing line

between the ether and the water. This only occurs occasionally, and is

to be attributed to traces of impurities, which are, however, present in

such extremely small quantities that they cannot be identified.

The degree of accuracy of the method may readily be brought to

±o-i c.c. iron alum solution, that is, to ±o-oooooi g. Fe, on the 5 c.c. of

solution taken, provided ' the volume of alum solution used does not

exceed 2 c.c, equivalent to oocxxx)2 g. Fe. That is, the reading may
be made to 1/20 of the total iron present; this may be looked upon as

satisfactor}-, where only thousandths or hundredths of a per cent, come
into account. It is not, however, sufificient for appreciably greater

amounts, and for such the volumetric method must be employed.

The above degree of accuracy may be attained without difficult}' b\'

merely examining the ethereal layer by transmitted light. The com-
parison may be made more accurate by looking through the ethereal

layer obliquely from above, or by holding the cylinders a little above a

white surface, and looking through the full depth of liquid in the

cylinder. This plan is much better than allowing the cylinders to stand

on the white surface. Colorimeters, as ordinarily constructed, are not

suited for this particular determination, no provision being made for

shaking, preventing loss of ether, etc. Seyda^ has described a method
differing but little from the above, and intended for use in the examina-
tion of water.

Hydrochloric acid—Ten c.c. of the acid are boiled in a small flask

and the \apours evolved conducted to a surface of water con-

tained in a second flask. The hydrochloric acid is dissolved b}' the

water, and may be estimated b\- titration with alkali or with A710 silver

nitrate solution.

Arsenic.—About 20 g. of the acid are diluted with water, the

solution filtered from any precipitated lead sulphate, and then treated

with a current of sulphurous anhydride until the solution smells

strongly of the gas, to reduce all arsenic compounds to the arsenious

condition. Prolonged action, and a considerable excess of sulphur

dioxide are necessar)- for the reduction. The excess of sulphur dioxide

is removed by heating, aided by a current of carbon dioxide, the

1 Clum. Zeit., 1S98, 22, 1086.
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solution exactly neutralised by addition of sodium carbonate and

bicarbonate, and titrated with Nj lo iodine and starch solution till the

colour-change to blue occurs. One c.c. of the iodine solution corre-

sponds to 0-00495 g- As.,03. Iron must first be removed should it be

present in appreciable quantity.

The presence of lead, antimony, copper, platinum, etc., somewhat

complicates the determination.'

According to Bockmann, the reduced solution, freed from excess of

sulphur dioxide as above, is treated for some hours at a moderate

temperature with a current of sulphuretted hydrogen, which precipitates

the arsenic and other metals which yield sulphides insoluble in acid

solution. The precipitate is filtered off and well washed, at first with

water rendered slightly acid with hydrochloric acid, and then with hot

water until the washings leave no residue when evaporated on platinum

foil. The precipitate, which contains arsenic sulphide and antimony

sulphide, is dried and weighed. It is then moistened with cold water

and, when thoroughly damped, extracted with dilute ammonia. The
residue remaining on the filter, consisting of sulphur and antimony

sulphide, is washed with hot water, dried, and weighed as above. The
difference between the two weights gives the content of arsenic sulphide

sufficiently accurately for technical purposes.

Neher- precipitates the arsenic in acid solution by sulphuretted

hydrogen. Hattensaur^ dilutes 500 c.c. of sulphuric acid with 500 c.c.

of water, adds 500 c.c of dilute hydrochloric acid (i :2) to the solution,

cooling during the addition, and passes sulphuretted hydrogen for three-

quarters to one hour through the continually cooled solution, finally

filtering off the precipitate, which consists of pure As.^Sg free from lead.

The filtration may be performed in a platinum or porcelain Gooch crucible

(p. 26) ; any trace of sulphur is removed by a final washing with hot

alcohol, and the precipitate weighed in the crucible. In the absence of

a Gooch crucible, the precipitate may be dissolved on the filter in 20 c.c.

of dilute ammonia (i : 2), the solution evaporated in a porcelain crucible,

the residue oxidised to arsenic acid, and estimated as magnesium
ammonium arsenate. If the arsenic is weighed as pentasulphide, the

determination can be made in from three to four hours.

Very minute quantities of arsenic are estimated approximately by

comparison of the arsenic mirrors made according to the Marsh-

Berzelius test {cf. p. '^6T) et seq.).

Atterberg'* estimates arsenic colorimetrically by boiling with strong

hydrochloric acid, collecting the distillate in water, evaporating this

with nitric acid, and finally reducing by stannous chloride or sodium

hypophosphite.

1 L. M'Cay, /. Anier. C/iem. Soc, 1885, 7, 6. '^ Z. aiigew. C/iein., 1896, 9, 130.

- Z. anal. Chem.^ 1893, 32, 45. ^ Cliem. ZeiL, 1901, 2$, 264.
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Fuming Sulphuric Acid (Anhydride, Oleum)

Fuming sulphuric acid is generally regarded as a solution of sulphur

trioxide (sulphuric anhydride, SO3) in sulphuric acid monohydrate
(H.3SO4). As a matter of fact, the chief constituent is generally pyro-

sulphuric acid (H^SoO-), and the so-called 45 per cent, oleum consists

entirely of this. The other varieties below 45 per cent, are mixtures
of pyrosulphuric acid with monohydrate, and those above 45 per cent,

mixtures of pyrosulphuric acid with anhydride. The strength is always
given as percentage of anhydride, no account being taken of the presence

of pyrosulphuric acid. The latter is looked upon, from the analytical

standpoint, as a mixture of fifty-five parts H.^SO^ with forty-five parts

SO3.

Properties of fitnn'jig su/plntn'e acid. Pyrosulphuric acid, HoS.,07,

that is oleum of 45 per cent. SO3, as well as those acids which contain

in addition to the pyrosulphuric acid only little H^SO^ or SO3, that is

acids from slightly below 40 per cent, up to nearly 60 per cent.

SO3, are solid ; on the other hand, the varieties ranging from o to

nearly 40 per cent., and from 60 per cent, to 70 per cent. SO3, are oily

liquids. From 70 per cent, onwards the oleum is once more solid,

until it finally passes to pure anhydride.
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Specific Gravity of Fuming Sulphuric Acid at 35
Knietsch.^

C.

Total SO3
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Quantitative Analysis of Fuming Sulphuric Acid

The sampling of oleum is a matter of some difficult}'. In the case

of liquid oleum, or in that of the partially or completely crystalline

products up to 45 per cent. SO3, the difficulty is not very great, since

the latter acids may be liquefied without danger by warming to 30"

in closed vessels on the sand-bath. In works the soldered leaden

vessels containing the acid are usually stored in a warmed room, so

that the contents are always liquid. It is advisable to remove the

stopper or other seal before warming, and to substitute a watch-glass
;

this does not cause any appreciable loss of SO.,, and checks the

development of pressure, which might easily lead to an accident on

removing the stopper.

Products rich in SO, cannot be completely liquefied b}' warming.

A jelly-like residue always remains, but as this possesses the same
composition as the liquefied portion, the sample may be drawn from

the latter.

The portion for analysis is taken from these larger samples.

Solid oleum (pyrosulphuric acid) must be liquefied in the sample
bottle by gently warming, before being withdrawn by the pipette for

analysis ;
it will then remain liquid sufficiently long to allow of its flow-

ing from the pipette even after weighing. Actual anhydride and oleum
approaching this strength cannot be handled in this manner, as they

fume too much. In such cases Stroofs method may be followed.

This consists in weighing several portions of the anhydride in a glass-

stoppered bottle, and then adding a weighed quantity of accurately

analysed monohydrate sufficient to produce an oleum of about 70
per cent, which is liquid at the ordinary temperature. Solution is

hastened by warming to 30"^ to 40', with the stopper placed looseh' in

the bottle. The anal)^sis of the mixture is then carried out in the

ordinary wa}'.

The value of an oleum depends chiefly on the content of free

anhydride, SO., ; the results are accordingly calculated in the follow-

ing manner. First, the total acidity is determined by titration and
calculated to SO3 ; the difference between 100 and the percentage
so obtained is regarded as water, for each i8-i parts of which 8o-o6

parts SO3 are necessary for the formation of H.,SO^ ; after all water
has been allowed for in this way, any SO3 remaining is taken as

free anhydride. It must not, however, be forgotten that other substances

1 Cf. Fiirstenau, Chem Zeit., i8So, 4, 18 ; Moller, ibid., 1880, 4, 569 ; Becker, ihid., 1880,

4, 600; Winkler, C/iem. hid., 1880, 3, 194; Clar and Gaier, ibid., 1881, 4, 251;
Rosenlecher, Z. ami. C/ieiii., 1898, 37, 209; Setlik, Chem. Zeit., 1889, 13, 1670; Rabe, Chem.
Zeit., 1901, 15, 345; Sit/phunc Acid and Alkali, I, ^.22,^.
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may be present in addition to the water, especially sulphurous acid, SO.,,

which, as will subsequently be seen, considerably affects the result,

Solid constituents, in more than traces, are also occasionally present

;

these must be estimated and the percentages obtained deducted from

the water value, otherwise the result obtained for the percentage of

free SO., will be too low.

The analysis of fuming sulphuric acid or anhydride is carried out as

follows :

—

The oleum is weighed off in tared, thin-walled bulb tubes of about 20

mm. diameter, drawn out at both ends to form long capillaries. Three
to 5 g. of the melted, completel}^ homogeneous oleum, which is sufficient

to nearly half-fill the tube, are drawn in by the following device.

An ordinary narrow-necked flask is fitted with a rubber stopper

through which passes a well-ground glass tap provided with a piece of

rubber tubing at its free end. A partial vacuum is produced in the

flask by suction (with the mouth), the tap closed, the rubber tube passed

over one of the capillaries of the weighing bulb, and the other

capillary immersed in the oleum ; on opening the tap the desired

quantity of oleum is drawn into the bulb.

The bulb is then cleaned, one of the capillary ends sealed by fusion, and

the whole weighed. Loss of anh}'dride by evaporation or by absorption

of moisture through the non-sealed, capillary end does not occur to any

appreciable extent during the weighing. In weighing, it is advisable to

support the capillary ends of the bulb-tube on a small platinum crucible

with two notches cut in the rim ; this will prevent damage to the balance

should breakage occur.

The weighed bulb is then placed in a small Erlenmeyer flask

(Fig. 131), so that the bulb closes the neck and the point of the open

capillary dips rather deeply into the water contained in

the flask. By this means any loss of anhydride by

evaporation is excluded. The point of the upper capil-

lary is then broken, and after all the oleum has run

out the tube is washed by dropping water through the

upper capillary, and finally by sucking in water several

times so as to completely fill the bulb. The solution

is diluted to 500 c.c. and 50 c.c. taken for titration.

Fig. 131.
The titration is made with A75 sodium hydroxide

solution (i c.c. =o-oo8 g. SOo), using methyl orange as

indicator (not litmus, cf. p. 391). Sulphurous acid is determined by

titrating a second portion of the solution with iodine solution, and the

quantity found deducted from the total acidity, as found in the titration

with alkali.

Clar and Gaier weigh the anhydride (oleum) in a glass bottle

(Fig. 132), 58 mm. high and 17 mm. wide, fitted with a long, ground-
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in glass stopper broadened out to a bulb above the neck of the flask,

and pierced on the top with a small hole which can be closed by a

small glass stopper. The interior of the stopper is filled with glass

wool moistened slightly with water. Two to 3 g. of

the melted anhydride or fuming acid are introduced

into the bottle, the stopper quickly inserted, and the

whole weighed. The head of the stopper is then

weighted by wrapping a strong platinum wire round

the neck, and the bottle allowed to slide, mouth down-

wards, into a suitable flask of about 2 litres capacity

placed in an inclined position, and containing about

500 c.c. of water at 50' to 60". The flask is next placed

in an upright position and covered with a watch-glass.

It is advisable to bind the stopper to the bottle with

thin platinum wire, to prevent its falling out.

With suitable weighting the bottle takes up an

oblique position in the water, the head being directed

downwards, which is the best position for the subsequent

operation. At first the warmth of the

water expands the air in the bottle and

causes some acid to escape ; later on, water ^ ^
is drawn in and dilutes the contents of the fig. 132.

bottle without producing too violent a

reaction. The dilution may be hastened by cooling the

flask, but shaking or other violent movement must be

avoided. Finally, the bottle is washed inside and out

with water, the cooled solution made up to i litre, and

ICXD c.c. titrated with A' 5 alkali as above.

A very convenient apparatus for weighing fuming sul-

phuric acid or melted anhydride is the glass tap-tube

recommended by Winkler (Fig. 133).

The conically narrowed portion ending in a capillary

must be absolutely uniform, and the tap, which may not

be greased, should fit perfectly. The longer portion of

the tube is one-half, or at most two-thirds, filled by suction

with the acid to be examined, the tap closed, and the tube

then inverted so that the acid runs down to the tap. The
end of the tube is carefulh- cleaned with paper, and the

tube and contents weighed in a horizontal position. Xo
alteration in weight during weighing need be feared. The tube is then

placed with the point downwards in a beaker containing water and the

acid allowed to enter the water very gradually, the rate of the flow

being best regulated b}' means of a screw clip. In the case of very
strong acids or of pure anhydride which will remain liquid for a con-

FiG. 133.
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siderable time, dilution is effected by allowing the acid to escape on

to a layer of coarsely powdered, crystallised, and perfectly neutral

Glauber's salt. In this way dilution takes place quietly and without

danger, on account of the water of crystallisation present in the salt.

Finally, a few drops of water are allowed to enter the weighing-tube

from above, and after standing for a short time the tube is thoroughly

washed out. The Glauber's salt is dissolved in water, the solution made
up to a known volume, and an aliquot portion titrated. This plan does

not, however, give quite accurate results, as the colour change of the

indicator (methyl orange) is less sharp in presence of the Glauber's salt.

The most convenient form of weighing apparatus, not only for oleum

but also for other liquids, such as fuming acids of all kinds, ammonia,

etc., which must be weighed out of contact with air, is the

bulb-tap pipette designed by Lunge and Rey (Fig. 134).

The taps a and c must fit perfectly without grease. To
fill the pipette the tap c is closed, a opened and, whilst

applying suction at d, closed so that a partial vacuum is

obtained in the bulb b. The point e of the tube is then

placed in the acid, and c opened, whereby the acid rises in

the pipette. Care must be taken that it does not reach the

tap c\ all vapours are retained in b. The tap c is then

closed, the end of the tube c cleaned, and after returning

the pipette to the protecting tube f, the whole is weighed.

In the case of strongly fuming nitric acid and similar

liquids a drop of the liquid may escape from the point e

during the weighing ; in such cases it is advisable to place

a little water in the tube /", taking care, however, not to

insert the empty pipette before the final weighing, lest its

point become wetted. The pipette is then removed from/",

the point e dipped into water, and the contents allowed to

escape gradually by opening the tap c ; a little water is

admitted to /; through d and a, and the whole finally washed

after allowing to stand for some time. If only 0-5 to i g. of acid have

been weighed off, the whole of the resulting solution is titrated, the

result obtained being more accurate in this case than by diluting to

a large volume and only titrating a portion. For larger quantities of

acid the solution must be diluted to a measured volume and an aliquot

part titrated.

The strongest oleum (over 70 per cent.) cannot be run into water

directly without undergoing loss. Such acid is weighed in the bulb-

tubes described above, both capillary ends fused, and the bulb placed

in a flask containing a fairl}' large volume of water. The flask is

then closed with a glass stopper, the bulb broken by shaking the flask,

and after standing for some time the whole is titrated.
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As already stated (p. 388), a deduction must always be made for

sulphurous acid, which is seldom absent from commercial oleum. The
sulphurous acid is generally estimated by titration with iodine and the

quantity found deducted from the total acidity. Lunge ^ has pointed

out that an error may easily occur in the latter titration, unless due

attention be paid to the indicator employed and the stage at which the

change of colour takes place
;

great differences exist between the

various indicators in this respect. Thus with phenolphthalein the

change occurs when i mol. SO., has combined with 2 mol. NaOH, that is,

when NaoSOo has been formed; with methyl orange, on the other hand,

the change takes place when only i mol. NaOH has been added for

I mol. SOo, that is, as soon as NaHSO. has been produced. Litmus

cannot be emplo}^ed, since the results obtained are quite indefinite, l}'ing

between the limits given above {cf. p. 70).

It is thus inadmissible to employ litmus in titrating fuming

sulphuric acid, since it will not show what allowance is to be made for

the sulphurous acid ; nor is phenolphthalein a good indicator in this

case, owing to the unavoidable presence of carbonate in the sodium

hydroxide solution. Ammonia is unsuitable for the titration. Methyl

orange should therefore be used, bearing in mind that i c.c. normal

sodium hydroxide solution (0-04006 g. NaOH) is neutralised by \ mol.

SO3 (0-04003 g. SO3), but by a full molecule of SO.^ (0-06405 g. SOo).

Consequently for each i c.c. A710 iodine solution required for the

titration of the latter only 0-05 c.c. normal alkali solution must be

allowed, and not the equivalent ratio o-i c.c. If this point be neglected

very considerable error may result, since ever}'thing other than SO^
and SO3 is assumed to be water ; thus an incorrect allowance for sulphur

dioxide will not only show too little trioxide, but also a corresponding

quantity of water in excess of the real value, and since the latter has to

be credited with its corresponding amount of SO3 ( = 4-443 times the

quantity of water), the percentage of free trioxide may come out very

much too low.

In an actual case the incorrect allowance for SO, led to an error

of 8| per cent, in the free SO3. This is, however, an extreme instance.

If the proportion of free trioxide is calculated by means of the table

(p. 394), instead of by multiplying the water by 4-443, due allowance

must similarly be made for the content of sulphur dioxide. Thus,

taking the actual case just referred to, analysis proved the acid

to contain 95-21 per cent. SO3, 2-43 per cent. SO2, and 2-36 per cent.

H.,0. In using the table the SO, must be left out of account, that is,

the SO3 and HoO are the only factors to be considered. It will not

do to merely take from the table the value corresponding to a total

percentage of 95-21 SO3; this would only give 73-95 per cent, free SO3,

^ Z. augew. C/iem., 1895, 8, 22.
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an even more incorrect result than the above. The correct procedure is

to add the 2-36 parts HoO to the 95-21 parts SO.., giving in all 97-57

parts of acid and water with a percentage content of 97-58 SO3. Accord-

ing to the table, it is found by interpolation that such acid corresponds

to 86-8o per cent, free SOo and 12-20 per cent. H^SO^. This 86-8o

per cent, must then be recalculated to the original acid, and so allow

for the contained SO.,, giving = 84-69 per cent, free

SO3 as the final value. The result obtained thus involves consider-

ably more calculation than multiph'ing the percentage of water by its

equivalent of sulphur trioxide ; it is only fair to state, however, that this

example does not lend itself particularly well to the table, which is

drawn up for mixtures of anhydride and water only.

In the foregoing instance, as in all methods hitherto published for

determining the strength of oleum, everything other than SOo and SO.^

is regarded as water. It is, however, advisable to estimate the fixed

impurities by evaporation, since otherwise their weight multiplied by

4-443 is erroneously deducted from the free SO3.

Rosenlecher^ has described the method employed at Freiberg which

is used for checking the process in the works. Weighing-tubes of the

dimensions shown in Fig. 135 are made from glass tubing of 5 to 6 mm.

diameter, a number of which are prepared at one time. The ends of the

capillaries are narrowed to \ mm., and for strong oleum or anhydride
to \ mm. The bulbs are filled by suction applied by the mouth
through a capillary rubber tube fixed to the shorter capillary, a test-

tube filled with soda crj^stals being interposed when necessary. Suction

is applied until the liquid begins to rise in the bulb, and is stopped

before the heavy anhydride vapours reach the shorter limb. The bulb

is then turned so that the limbs point upwards, and the bulk of the

liquid brought into the bulb by gentle tapping. Each bulb is carefully

wiped with filter paper and supported opposite a corresponding number
in a notched cardboard box. In weighing, the bulb is placed on a

platinum crucible (p. 388), or held in a suitable brass wire support.

If the above dimensions of the capillaries are adhered to, there is no
danger of moisture being absorbed or of loss by evaporation, even in

^ Z. anal. C/iein., 1 898, 37, 209.
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the case of pure anh)-dride. Care must, however, be taken not to warm

the bulbs in handling, either before or after weighing. To bring the

acid into solution the bulb is placed in a bottle containing the indicator

and 20 to 30 c.c. of water, at the temperature of the room. The

previously wetted glass stopper of the bottle is then inserted, the

bottle held in a horizontal position (the colour of the indicator should

remain unchanged up to this time), the stopper securely fixed, and

the bottle well shaken until the tube has been completely shattered

and all white vapours have disappeared. The solution is then

titrated in the bottle itself. The differences in the results obtained

seldom exceed o-
1 5 per cent, even with rapid working. (This state-

ment apparentl}- relates to the total acidity and not to the free

anhydride.)

Dobriner and Schranz^ dissolve 6 to 8 g. of the oleum contained

in a sealed tube by breaking the tube in a stoppered litre flask con-

taining about 150 c.c. of water, and adding a weighed quantity of

chemically pure dry sodium carbonate, so that only 3 to 4 c.c. of

normal solution are required for titrating back. By this means errors

in the standard solution, and in the burette, etc., are reduced to a

minimum.
The results of the titration are first calculated to percentage of

total SOo (combined and uncombined with water), each i c.c. normal

sodium hydroxide solution corresponding to 0-04003 g. SO3 ; the ratio

between free SO. and the HoSO^ present may then be taken from

the following table drawn up by Knietsch.- Or the general formula,

SO3 = S - 4.443 (100 - S),

may be employed, in which SOo stands for the free sulphur trioxide and

S for the percentage total SO.,, as found by titration.

Griinhut^ gives the following table (p. 395), which allows the percent-

age to be read directly to the hundredth part. The left-hand portion

shows the amount of trioxide corresponding to the total percentage of

H.^SO^ as found. For 106 per cent. H0SO4, for example, the point of

intersection of the vertical column 10 and the horizontal row 6 gives the

desired percentage 26-657. The right-hand portion contains the values

for the decimal places. The first decimal is found in the vertical

column marked by the asterisk, and the horizontal line lying to the

right is then followed until the column having the second decimal place

for its heading is reached. Thus for 0-78 per cent. H^SO the value

is 3-465. The desired result is then obtained by adding the per-

centages found for the whole numbers and for the decimals. Thus, had

the titration given 106-78 per cent. H.SO^, the percentage of trioxide

1 Z. angew. C/iem., 1896, 9, 453. - Ben, 190 1, 34, 41 14.

3 Z. anal. C/tem., 1899, 38, 167.
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present in the oleum would be 26-657 + 3-465 = 30-12 per cent. The

corrections for SO.^ and fixed residue must, of course, be made as

described (p. 391), before making use of these tables.

Table for finding the Percentage of Free SOo in Oleum from the

Total SO3 as determined by Analysis. Knietsch.

S03
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Table for finding the Percentage of SO., in Oleum from the

Total Acidity calculated as H^SO^. Griinhut.

Whole Numbers.
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35 per cent. SO3 does not lend itself to direct titration, owing to the

violence of the reaction. In such cases the sample should be reduced to

from 30 to 35 per cent, oleum b}- addition of sulphuric acid monolv/drate.

The monohydrate used for this purpose must, of course, have been care-

full}' prepared, and should be stored in well-stoppered bottles. Setlik

recommends the method for works use, and claims that with a little

practice the test is quickly carried out, and is as accurate as titration

with alkali, especially if the acid be contaminated with sulphurous

acid, arsenious acid, sulphate of iron, or other impurity.

Rabe's method^ is somewhat similar in principle, but sulphuric acid

of known strength (say 95 per cent.) is employed for titrating in place

of the water. This substitution only complicates the method and

renders the results less exact.-

Both methods are intended for works use only, and not for the

analysis of acids intended for sale.
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THE MANUFACTURE OF SALTCAKE AND OF
HYDROCHLORIC ACID

By Professor G. LuNGE ; translated by James T. Coxrov, B.Sc, Ph.D.

A. BRINE AND SALTWORKS

Brine is regularly tested by the hydrometer both at the spot where
it is obtained (bore-holes, etc.), and in the works where it is employed
(saltworks, ammonia-soda works, etc.). The temperature at which the

readings are made should of course be taken into account, and the

accuracy of the hydrometer ascertained. The method of checking

hydrometers, together with a description of the errors usually found in

these instruments, more particularh' the cheaper kinds, have already

been described {cf. p. 156 et seg.).

A saturated solution of sodium chloride boils at log'-^, and contains

at this temperature between 29-4 and 29-5 per cent, of the salt.

The relationship between the specific gravity of salt solutions and
the percentage content of salt, at 15° C, is given in the following

table :

—

Specific Gravitj'.
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used in the determinations, they are hardly apph'cable to technical

conditions of work.

Analysis of Brines and Mother Liquors

The following determinations are made :

—

1. Specific gravity, by means of a densimeter or a hydrometer; in

the latter case the hydrometer readings are reduced to sp. gr. by means

of the table given on p. i6o.

2. Total Chlorine (expressed as sodium chloride). Ten c.c. of the brine

are diluted to looo c.c. ; of this lo c.c. are titrated with silver nitrate

solution {cf. p. 401).

3. Sjilphiiric acid. Fifty c.c. of the brine are rendered acid by the

addition of a few drops of hydrochloric acid, diluted with an ap-

proximately equal volume of water and, when hot, treated gradually

with a hot solution of barium chloride. The settled precipitate is

repeatedly washed by decantation with hot water, acidulated with

hydrochloric acid, and finally well washed on the filter {cf. p. 274).

4. Oxides ofIron, Aluminium, Calcium, and Magnesium. Two hundred

and fifty c.c. of the brine are warmed with a little nitric acid, ammonia

added in excess, and the whole heated for some time ; the precipitate

is filtered, dissolved in hydrochloric acid, reprecipitated, and ferric oxide

and alumina determined in the usual manner. The calcium and

magnesium are determined in the filtrate as described on p. 405. The

calculation of the analytical results is made in exactly the same manner

as in the analysis of salt (p. 402).

5. Bicarbonates of ferrous Iron, Calcium, and Magticsiiim. Five

hundred c.c. of the brine are boiled fairly vigorously in a tall beaker or

Erlenmeyer flask, fresh water added, and the boiling and evaporation

repeated several times. Finally, hot water is added to the highly con-

centrated solution to dissolve any separated salt, the solution filtered, the

insoluble residue washed with hot water, dissolved in hydrochloric acid,

and precipitated with ammonia solution, free from carbonate. The
precipitation is repeated if necessary. The precipitate of ferric

hydroxide is filtered off, dissolved whilst still moist in dilute sulphuric

acid (1:4), and the undiluted reduced solution titrated with per-

manganate solution, and the volume of permanganate necessary to

produce a faint rose coloration in the solution alone deducted from

the reading obtained. Calcium and magnesium are determined in

the filtrate as described on page 405 ct seq. The bicarbonates found

are entered in the analysis as carbonates, and the quantity so found

must be deducted from the total calcium, magnesium, and ferric

oxide obtained under 4, before calculating the rest of the calcium and

magnesium to sulphates or chlorides. Calcium bicarbonate is, as a rule,
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present to an appreciable extent in brine (from o-2 to 0-5 g, and
more per litre) ; on the other hand, magnesium bicarbonate appears

in much smaller quantity, and its estimation ma}-, as is usually the

case in works testing, be neglected.

6. Water. The percentage of water is arrived at by deducting the

sum of the weights of the solid constituents present in a litre, from the

weight of the litre of brine.

The results are calculated on the litre of brine or mother liquor.

B. SODIUM CHLORIDE (ROCK SALT)

Sodium chloride melts, according to Carnelly,^ at 772' ; according

to V. Meyer and Riddle,- at 8i5'-4. -,^

The commercial products may contain, in addition to moisture and
water of hydration combined with calcium sulphate, etc., the following

impurities : chlorides of calcium, magnesium, and potassium ; sulphates

of calcium, sodium^ magnesium, and potassium ; magnesium carbonate,

organic substances (bitumen, mineral oil), gaseous hydrocarbons, and
clay. According to the nature of the clay content, which seldom
exceeds o-i per cent., the salt is coloured usually a bluish green, but
sometimes yellow, brown, reddish brown, or greenish (Schwarzenberg).

Other impurities which occur less frequently and only in traces, are

:

potassium bromide, potassium iodide, and lithium chloride, all of which,

in consequence of their relatively greater solubility, accumulate in the

mother liquors. Thus Krauch found in the concentrated mother
liquors of brine from Werl 3-3754 g. KBr, 0-0137 g. KI, and 8-9833 g.

LiCl, per litre. Magnesium borate is found admixed with rock salt at

Stassfurt. Occasionally the percentage of soluble foreign salts present

is so great that the rock salt is rendered useless for food purposes.

An appreciable percentage of magnesium chloride (0-2 per cent, is

sufficient) gives a sharp saline flavour to the salt and renders it hygro-

scopic. Distinct amounts of calcium chloride also make the salt

hygroscopic.

The following methods of analysis apply to ordinary salt, and to

pure sodium chloride intended for analytical purposes, respectively.'^

I. Ordinary Salt

Sampling. For the method of taking an average sample, cf. ^. 13.

Qualitative analysis. The salt is, from time to time, examined

1 /. C/iem. Soc, 1879, 35, 280. '- Ben, 1893, 26, 2447.
^ A description of the analysis of " Denatured Salt" is included in the German edition, vol. i.,

p. 409.
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qualitativel}- for potassium, alkali bromides, and iodides, and, when it is

intended for culinary purposes, also for metallic salts (lead, copper, tin)

which may have been taken up from the vessels used in the purification

process. These metals are detected in the usual manner. A simple

method of examining for the other impurities mentioned consists in

extracting a considerable quantity of the salt with water, using an

insufficient quantity to effect complete solution, evaporating the filtered

extract to one-third of its bulk, again filtering, and dividing the filtrate

into two portions. To the first portion platinic chloride is added and the

mixture thoroughly shaken ; a lemon yellow precipitate indicates the

presence of potassium chloride. The second portion is treated with

chlorine water, drop by drop, and shaken with chloroform before each

fresh addition ; any iodine present is liberated first, the bromine subse-

quently, and each may be recognised in turn by the colour imparted to

the chloroform. (QC also p. 404 for Krauch's method of testing for iodine.)

Quantitative analysis. For works' purposes a shortened method of

analysis is usually adopted. The constituents generally estimated are

moisture, total chlorine, expressed as sodium chloride, sulphuric acid,

calculated to calcium sulphate, and matter insoluble in water. These

figures are amplified periodically by the estimation of calcium,

magnesium, ferric oxide, and of the percentage insoluble in hydro-

chloric acid whereby the percentage of sand and clay is obtained, and

also, by difference, the approximate amounts of calcium and magnesium
carbonates present (cf. infra). The quantities of magnesium chloride

and of sodium sulphate, or calcium chloride, present may be arrived

at by the following simple methods, which will be found sufficiently

accurate for technical purposes.

I. Water.—{a) Moisture. Five g. of the salt are heated in a

platinum crucible, well covered to prevent loss by decrepitation, at first

very gradually and finally for some minutes at a low red heat. The
loss in weight gives the total water present, that is, the moisture proper

plus that chemically combined ; the amount of the latter is usually very

small. This method has the disadvantage that, no matter what care be

taken, a small loss of salt always occurs owing to the unavoidable

decrepitation. By employing as new a platinum crucible as possible,

with smooth walls and a well-fitting lid, and placing the stand, Bunsen

burner, etc., on a sheet of black glazed paper, the loss, which may reach

I per cent, or over, is very much diminished ;
but the method lacks

certainty and cannot be carried out quickl), or without direct attention.

In works where dozens of water estimations, including those of damp
salt, which may contain up to 15 per cent, of water, have to be made,

the inaccuracy of the above method is very pronounced, especially in

cases where the salt contains over 7 or 8 per cent, of water, as the decrepi-

tation is then fjreater.



SODIUM CHLORIDE (ROCK SALT) 401

Bockmann consequently recommends the following method, which,

whilst perfectly accurate, permits of a large number of water determina-

tions being made simultaneously and without special attention during

the drying process.

A small, perfectly dry Erlenmeyer flask, about 14 to 15 cm. high,

and of about 250 c.c. capacity, is weighed together with a dry funnel

inserted in the neck. About 5 g. of salt are then introduced into the

flask, this quantity being just sufficient to form a thin layer on the

bottom, and the flask, funnel, and salt accurately weighed. The object

of the funnel is to allow the dried salt to be cooled in the open

instead of in a desiccator, and to prevent loss of salt by decrepita-

tion during the expulsion of the combined water described under b.

The flask is then placed on a previously warmed, portable sand-bath,

40 cm. by 20 cm., and large enough to carry eight flasks, the tempera-

ture of the sand being about 140'' to 150 . The funnels are removed,

and placed, each near its corresponding flask, on the bench. The water

soon begins to come off, condensing at the start on the upper portions

of the flasks ; at the end of three to four hours all the water present as

moisture is driven off from the salt without any crackling sound. The
funnels are replaced in the flasks, which are then allowed to cool on a

thick glass or marble slab, and weighed.

ip) CJiemically conibincd Water. After the determination of the

moisture the flasks are carefully heated on a wire gauze, or on a metal

(aluminium) plate, over the free flame, with the funnels in position, to

prevent loss by decrepitation. The water held in chemical combination

by calcium sulphate, etc., is thus driven off; the evolution of this small

quantity of water is accompanied by violent crackling. Since the

amount of combined water present is very frequently under o-i per

cent, and seldom more than ^ to 5 per cent., its determination can

generally be omitted in technical analyses.

2. Total Chlorine (expressed as Sodium chloride).—Ten g. of the

finely ground average sample are dissolved in lukewarm water, and
after cooling, made up to 500 c.c. at 15"^ in a graduated flask. Ten c.c.

of this solution, corresponding to 0-2 g. salt, are diluted with 100 c.c.

of water, 10 drops of a 10 per cent, potassium chromate solution added,

and the whole titrated with silver nitrate solution (p. 123). A deduc-

tion of 0-2 c.c. silver nitrate solution is made from the observed reading,

since this quantity is necessary to produce the red colour with the

chromate. Each i c.c. iV/io silver nitrate solution equals 0-005850 g.

NaCl. If 5-850 g. of salt are dissolved to 500 c.c, and 25 c.c. of this

solution taken for the titration, the percentage of sodium chloride in the

salt is obtained on multiplying by 2 the number of c.c. taken.

3. Sulphuric acid.—Ten g. of the sample are dissolved in lukewarm
water and a little hydrochloric acid added ; should much earthy matter

2 c
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be present the salt should be digested for some time with hydrochloric

acid, to ensure complete solution of the calcium sulphate present. The
cooled solution is then made up to 500 c.c. and passed through a dr\^

pleated filter. Two hundred and fift}- c.c. of the filtrate are heated to

boiling and precipitated by the addition of hot barium chloride solution

in slight excess. The barium sulphate is first washed by decantation

with water acidulated with hydrochloric acid, and finally on the filter

{cf. p. 274).

4. Matter insoluble in water and acids, Calcium and
Magnesium.—Fifty g. of the finely ground average sample are dis-

solved in warm water and filtered through a filter paper previously tared

against one of equal weight (p. 28). The insoluble matter is carefully

washed from the filter into a small glass mortar and ground with sufficient

water to dissolve all the gypsum present. The water is decanted and the

operation repeated a few times. The insoluble matter is again collected

on the filter and dried at 100 ; the weight obtained represents the

matter insoluble in water (clay, sand, oxide of iron, calcium carbonate,

etc.). This residue is then treated on the filter with warm dilute h}'dro-

chloric acid, the solution obtained precipitated by the addition of

ammonia, the precipitated ferric hydroxide dissolved in dilute sulphuric

acid (i 14), and the iron estimated, after reduction by zinc, by titration

with permanganate solution. The direct titration of the hydrochloric

acid extract, after reduction, in presence of manganese sulphate (20 c.c.

of a 20 per cent, solution), yields less accurate results owing to the lack

of sharpness of the end-reaction. The residue insoluble in hydrochloric

acid is well washed with water, dried at 100", and weighed to give the

percentage of sand and clay. The difference between the sum of the

weights of the sand, clay, and iron oxide, and the weight of the total

matter insoluble in water, may usually be regarded as representing the

carbonates of calcium and magnesium present.

The calcium and magnesium are determined in the filtrate from the

insoluble matter in the usual manner after addition of ammonium
chloride and ammonia {cf. p. 405).

Calculation of Results. All magnesium found is calculated to

magnesium chloride and its equivalent in sodium chloride deducted

from the " total " sodium chloride, to give the actual content of the

latter. Should more sulphuric acid be found than corresponds to the

soluble calcium, such excess is calculated to sodium sulphate. In the

reverse case the excess of calcium is calculated to calcium chloride, and
a corresponding deduction made in arriving at the percentage of sodium

chloride.

J. and S. Wiernik ^ recommend a direct determination of the

magnesium chloride present in sodium chloride and in brine, and they

^ Z. angevj. Chein., 1893, 6, 43.
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further state that wholly incorrect results may be obtained by the

usual method of calculation. The\' extract the dried salt with absolute

alcohol, which dissolves out magnesium chloride only, and, after evapo-

rating off the alcohol, estimate either the magnesium as pyrophosphate

or the chlorine by titration. Both methods should give the same result

when expressed as magnesium chloride. The total calcium, magnesium,

chlorine, and sulphuric acid are estimated in the original solution in the

usual manner. The sulphuric acid found is first calculated on the

calcium, then on the excess of magnesium that may be present above

that found as magnesium chloride by extraction with alcohol ; any

sulphuric acid still remaining is regarded as existing as sodium

sulphate. Chlorine found as magnesium chloride is deducted from the

figure obtained for "total chlorine," and the difference stated in terms

of sodium chloride.

All such calculations are quite illusory in the case of dilute solutions

where the salts are either almost completely ionised or in part dis-

sociated hydrolytically ; in the case of solid salts and concentrated

solutions such as the above, however, the greater part of the salts are

actually present as such.

2, Pure Sodium Chloride for Analytical Purposes

According to Krauch, pure sodium chloride appears under the

following names : Xatrium chloratum chem. pur., natrium chloratum

puriss., natrium chloratum puriss. exsicc, natrium chloratum puriss.

fus. The natr. chlorat. chem. pur. is absolutely pure ; the various

varieties of natr. chlorat. "puriss." are generally sufficiently pure

for analytical purposes, but not always so, a point to be borne in mind
in standardising silver nitrate solution. These preparations usually

contain traces of sulphates of calcium or magnesium. Kubel ^ found

magnesium chloride and ammonium chloride in commercial natr.

chlorat. pur.

Krauch's method of examining natr. chlorat. chem. pur. is as

follows :

—

Complete Solubility and freedom from Sulphate.—Three g. of salt

and 20 c.c. of water should yield a clear, neutral solution, which, when
diluted to 80 c.c, heated to boiling, and treated with barium chloride,

should show no signs of a precipitate even after standing for several

hours.

Examination for Alkaline Earths and heavy Metals.—Three g. of

the salt are dissolved in 50 c.c. of water, the solution heated to boiling,

and ammonium oxalate, sodium carbonate, and ammonium sulphide

added. No turbidity should result.

1 An/i. Phann., 1 888, 226,440.
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Iodine.—Twenty c.c. of the aqueous solution (i : 20) treated with one

drop of ferric chloride solution and a little starch solution should show-

no blue coloration.

Potassium.—The concentrated solution of the salt should give no

precipitate on addition of platinic chloride even after long standing.

C. SULPHURIC ACID

The examination of sulphuric is conducted as previously described

(p. T)^g et scq.). The acid employed in the manufacture of saltcake is

either non-purified chamber acid, Glover acid, or acid concentrated

in pans placed over the pyrites burners. The acid employed in the

preparation of saltcake intended for use in the manufacture of the better

qualities of glass should be as far as possible free from iron. The

estimation of iron is described above (p. 380 et scq.).

D. SALTCAKE

The saltcake drawn from the furnaces is spread out in long ridges

on a stone-paved floor to cool. Samples are taken morning and

evening, corresponding to the output of each furnace, from various places

in the several rows, and an average of the lots so taken ground in a

suitable mill.

The judging of the sample by its appearance is described later

under the Leblanc soda process (p. 422).

For works' purposes, estimations i and 2 given below are sufficient

;

for purposes of sale or purchase, the other tests given should be made.

1. Free Acid.—Twenty g. of the saltcake are dissolved in water and

made up to 250 c.c.
; 50 c.c. of this solution are titrated with normal

sodium hydroxide solution, using litmus or methyl orange as indicator.

Each I c.c. alkali corresponds to i per cent. SO3. All acidity, whether

arising from HCl, NaHSO^, or from iron and aluminium salts of acid

reaction, is calculated to SO3. Should large quantities of iron and

aluminium salts be present, and it be desired to avoid the influence of

these in this determination, no special indicator is added to the solution,

and the end-reaction is judged by the first appearance of a permanent

flocculent precipitate, which occurs as soon as the free acid and the acid

sulphate have been neutralised by the alkali.

2. Sodium chloride.—Fifty c.c. of the solution prepared under i are

exactly neutralised by the addition of the necessary volume of normal

sodium hydroxide solution, and the neutral solution titrated with

Ay 10 silver nitrate solution after the addition of a little potassium
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chromate solution ((/. p. 123). Each i c.c. silver nitrate solution, after

deducting 0-2 c.c. from the total as allowance for the end-reaction,

corresponds to 0-146 per cent. NaCl. Or a solution containing

2-9054 g. AgNOo per litre may be employed, each i c.c. of which

corresponds to o-ooi g. XaCl, or, with the above amount of saltcake, to

0-025 per cent. NaCl. This weaker silver nitrate solution should

always be used in the case of high-grade saltcake.

3. Iron.—Ten g. of the sulphate are dissolved in water, the iron

reduced by addition of zinc and sulphuric acid and titrated with

permanganate solution (p. 380). Very small amounts are estimated

colorimetrically (p. 381). According to Ost,^ sulphate manufactured in

lead pans contains from 0-009 to 0-029 P^r cent. Fe ; that manufactured

in iron pans 0-062 to 0-130 per cent. Fe.

4. Insoluble Matter when present is estimated in the usual way.

5- Calcium.—Ten g. of the saltcake are dissolved in water, a little

hydrochloric acid being added if necessary, and the solution treated with

ammonium chloride and ammonia, the latter in slight excess. The
ani.moniacal solution is heated to boiling and the calcium precipitated

by the addition of a boiling solution of ammonium oxalate in consider-

able excess. The solution is allowed to stand for twelve hours, and the

precipitate then washed with boiling water several times by decantation

and finally on the filter, a small quantity of ammonium oxalate being

added to the wash-water. The filter paper and precipitate are dried

and burnt off in a platinum crucible (this may be done whilst the

precipitate is still slightly moist), after which the whole is strongly

ignited for twenty minutes over a Miincke or Teclu burner. Should

the precipitate be large in amount, which is not likely to be the case, it

must be heated in the blowpipe flame until the weight becomes
constant. The precipitate is regarded as CaO ; any ferric oxide present

must, of course, be deducted. The desiccator used must be protected, to

prevent access of moisture and carbonic dioxide (p. 29).

Should any considerable quantity of magnesium be present—which is

never likely to occur, however, in saltcake—the washed calcium oxalate

precipitate must be transferred to a beaker, dissolved in a little warm
hydrochloric acid, and reprecipitated by the addition of 2 to 3 c.c. of

ammonium oxalate followed by ammonia in slight excess. The precipi-

tate is allowed to settle for twelve hours and the reprecipitated calcium

oxalate treated as above. The two filtrates are then combined for the

magnesium determination.

Instead of converting the calcium oxalate to oxide and weighing, it

has been recommended to dissolve the precipitate in dilute sulphuric

acid and to titrate with permanganate solution, calculating the calcium

from the oxalic acid thus found. Of course, in this case it is inadmis-

' Z. aiigew. C/iein., 1896, 9, g.
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sible to add ammonium oxalate to the water employed for washing ; on

the other hand, such omission may lead to a loss which is by no means

negligible. Walland^ overcomes this difficulty by standardising the

permanganate solution against calcium oxalate prepared from pure

calcium oxide obtained by ignition of the carbonate, and treated in

exactly the same way as the precipitate obtained in the actual anal}'sis,

so that the errors are the same in the two cases.

Such a method always has disadvantages, and is only to be

recommended when, as in technical work, a large number of analyses

have to be made simultaneously ; when this is not the case it offers no

saving of time as compared with the ordinary method by ignition.

6. Magnesium is estimated by addition of ammonium phosphate to

the filtrate from operation 5. For very exact work this addition should

be made in neutral solution and as far as possible in the absence of

ammonium salts, the necessary ammonia being added subsequently.

The filtrate from 5 should therefore be evaporated to dryness and, after

gentle ignition to drive off the ammonium salts, extracted with a

small quantity of hydrochloric acid. The solution is filtered from any

separated carbonaceous matter, exactly neutralised with ammonia,

heated to boiling, and sodium phosphate solution added, drop by drop,

to the boiling solution until no further precipitation results. The
mixture is allowed to cool, ammonia solution equal to one-third of its

volume added, and the whole allowed to stand for three hours, or should

only a small amount of magnesium be present, for twelve hours, before

filtering. The precipitate is washed with 2| per cent, ammonia solution,

dried, separated as completely as possible from the filter paper, the

latter burnt separately in a spiral of platinum wire, and the ash and

precipitate then ignited, first at a low heat and finally strongly. The
precipitate is thus converted to pyrophosphate, Mg.^PgO-, one part of

which corresponds to 0-3624 g. MgO.
In the analysis of saltcake it is usual to precipitate the magnesium by

direct addition of sodium phosphate to the filtrate from 5 without

removing the ammonium oxalate, and observing the other precautions

given ; in this case the precipitate should be allowed to stand twenty-

four hours before filtering.

This method of separating calcium and magnesium is essentially in

accord with the conditions given by Treadwell."' An alternative method,

differing somewhat from the above, has been described by T. W.
Richards.^ The magnesium salts must not be present in the solution in

greater concentration than corresponds to .^ normal. Ten equivalents of

ammonium chloride are added to the solution, followed by oxalic acid

in sufficient quantity to combine with the whole of the calcium. It is

1 Chem. Zeit., 1903, 27, 922. '-' Analytical Chemis'yy, vol. ii., p. 70.

^ Z. anor^. Chem., 1 90 1, 28, 88.
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advantageous to reduce the dissociation of the oxah'c acid by the

previous addition of three or four equivalents of hydrochloric acid. A
drop of meth}l orange is added, the solution boiled, and very dilute

ammonia added gradually at suitable intervals and with continued

stirring; the addition of the ammonia solution should occupy half an

hour. When the solution has been made neutral, a large excess of

ammonium oxalate is added, and the whole allowed to stand for four

hours. The precipitated calcium oxalate is thoroughly washed with

water containing ammonium oxalate. The filtrate contains the whole

of the magnesium with the exception of o-i to o-2 per cent., which

causes a corresponding error in the calcium, the whole of which is con-

tained in the precipitate.

Heraeus^ states that platinum crucibles are easil)' injured by the

ignition of magnesium ammonium phosphate, both in the case of

pure platinum and of platinum-iridium. The effect takes place, how-

ever, in a very irregular manner, and is to be attributed to the

liberation of phosphorus, which occurs at 900 , arising partly from the

presence of carbon or reducing gases, and also parti}' from the hydrogen

liberated by the decomposition of ammonia at the high temperature.

The action due to ammonia is stronger if free ammonium phosphate be

present in the precipitate, and may very easily occur if Gooch crucibles

are used in which old precipitates have been allowed to remain.

The action is most marked when the heating is carried out rapidly in

a covered crucible. Up to the present it has not been possible to define

the conditions under which the crucibles are least attacked.

A rapid, and for man}- purposes sufficiently exact, method of deter-

mining calcium and magnesium consists in adding sodium carbonate

to the filtrate from the silica, ferric oxide, and alumina, evaporating to

dryness, igniting to remove the ammonium salts, taking up with sodium

carbonate solution, extracting with hot water and weighing the calcium

and magnesium carbonates remaining in the dish after drying at 200
;

or by weighing as CaO + MgO after ignition. The quantity of each

base present may be determined indirectly from the difference in weight

between the CaCOg-l-MgCOgand the CaO-}-MgO; it is, however, better

for this purpose to convert both into the sulphates. Christomanos - has

applied this method to the analysis of a large number of samples of

magnesite. It must, however, be borne in mind that this, like all

other indirect methods, may lead to somewhat large errors.

7. Aluminium.—A considerable quantity of ammonium, chloride or of

ammonium nitrate is added to the solution of the saltcake, the mixture

heated nearly to boiling in a porcelain or platinum dish and ammonia
added, but not in too great excess, as the removal of an excess by

boiling off is not only unnecessar)' but harmful ; the precipitate is then

^ Z, angeic. Cliein.^ 1902, 15, 917. - Z. anal. Chevi.^ 1903, 42, 606.
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washed three times by decantation with hot water to which one drop of

ammonia has been added, washed out on to the filter paper, thorough!)'

washed with hot water, and dried on the pump {cf. p. 273). Any small

quantities adhering to the sides of the dish are wiped off with a piece

of filter paper. The filter paper and precipitate may be ignited, whilst

still moist, in a platinum crucible, and finally ignited strongly, pre-

ferably over the blowpipe. The weight of ferric oxide, as found under

3, must be deducted from the weight obtained.

The ammonia employed must be tested by barium chloride for

freedom from carbonate, which, if present, would cause precipitation

of the calcium ; if necessary, it should be purified by distillation over

lime.

8. Sodium sulphate.—One g. of the sample is dissolved in water,

the calcium, together with the iron, precipitated as under 5, the solution

filtered, and the filtrate, after the addition of a few drops of pure

sulphuric acid, evaporated to dryness. The dried residue is ignited,

first alone, and again after the addition of a small piece of ammonium
carbonate, and weighed. From the weight obtained there must be

deducted {a) the sulphate equivalent of the sodium chloride found under

2 (i-ooo g. NaCl= 1-215 g. NaoSO^, or i c.c. N\\q silver nitrate solution

= 0-00177 g. Na^SOJ, and (^) the magnesium sulphate equivalent of the

magnesium found under 6(1 -000 g. MgO = 2-9836 g. MgSOJ. The residue

represents the Na.^SO^ actually present in the original i g. of saltcake.

Isbert and Venator^ proceed as follows :—About 2 g. of the saltcake

are dissolved in the least possible volume of hot water ; ferric oxide,

alumina, calcium carbonate, and magnesium carbonate precipitated by

the addition of ammonia and ammonium carbonate, the precipitate

dissolved in hydrochloric acid and reprecipitated, the precipitate well

washed with hot water, and the total filtrate collected in a platinum

dish. The filtrate—which is about 100 c.c. in volume and contains, in

addition to the sulphate, the free acid and sodium chloride—is treated

with ammonium sulphate or sulphuric acid, and evaporated on the

water-bath to convert the chloride into sulphate. The residue is gently

ignited, to volatilise all ammonium salts, and weighed. From the

weight of Na^SO^ so obtained the weight of sulphate corresponding to

the chloride present in the original sample must be deducted.

Koninck's and Grossmann's methods are described in Lunge's

SulpJiuric Acid and Alkali? The latter is, according to the author

himself, subject to a constant, inexplicable error of 1-3 per cent., and

consequently cannot be recommended for technical work.

According to Fenton,^ the total sodium may be estimated in the

following manner. An excess of the potassium salt of dih)xlroxy-

1 Z. angeiu. Cheiii,, 1889, 2, 66. - Vol. ii., pp. 91 and 92.

^ /. Oiem. Soc, 1898, 73, 167.
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tartaric acid is added to a concentrated neutral solution of the sodium

salt to be examined, and the mixture maintained at o for half an hour.

The precipitated sodium salt of dihydrox}'tartaric acid is filtered off,

washed with ice-cold water, dissolved in excess of dilute sulphuric acid,

and titrated with permanganate solution, which readil)' oxidises the

dih}'drox}tartaric acid. Magnesium salts do not interfere with the

reaction, but ammonium salts must be excluded.

E. HYDROCHLORIC ACID

The daily control of the process in the works is confined to measuring

the strength of the acid flowing from the condensers, jars, etc., and to

determining the completeness attained in the absorption. The strength

of the acid is measured by means of the hydrometer, and in some
works tests are only taken once in the day. It is, however, preferable

to allow the acid, as it leaves the plant, to flow through a glass cylinder

in which the hydrometer floats ; in this way the strength of the acid can

be seen at any moment without drawing a sample.

It is especially important to check the amount of acid which escapes

condensation and so passes into the atmosphere. Should the air be

damp a practised eye can, to a certain extent, judge the degree of

absorption by the appearance of the escaping vapours. Whilst white

fumes are continually evolved from the open pipes of the pan con-

densers, even when condensation is complete, these consist entirely of

steam, and may be distinguished from hydrochloric acid fume by the

ease with which they are dissipated in the air. Hydrochloric acid

vapour, on the other hand, forms dense white fumes, which, in a moist

atmosphere, spread to form a heavy cloud over a considerable area,

and persist for a considerable time. Very frequently the fumes only

become apparent when the gases come into contact with the outer air.

According to the Alkali Act (1906), 95 per cent, of all the hydro-

chloric acid produced in a works must be condensed, and no gases are

permitted to escape into the atmosphere which contain more than

\ grain HCl per cubic foot ( = 0-457 g- V^"^ cubic metre), and the total

acidity of all the gases present must not exceed the equivalent of

4 grains SO3 per cubic foot ( = 9-15 g. per cubic metre). In these

regulations the volume of the gases is reduced to 60° F. (i5°-5 C.) and

30 inches mercury (almost exactly 760 mm.).

Examination of the Exit Gases.—The examination of the chimney
gases is carried out in a Fletcher bellows, which serves both as aspirator

and absorbing vessel. They are constructed to draw -^V of a cubic foot

of gas at one aspiration, but they should in all cases be standardised

by filling with air at the normal working capacity and measuring the
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volume aspirated by expelling it into an inverted graduated vessel

filled with water, correcting the volume obtained for temperature and

pressure. In examining chimney or other gases the bellows are con-

nected with the chimney by means of a porcelain, glass, or platinum

tube, of 12 mm. diameter, which extends some considerable distance

into the chimney. Both bellows and tube are first washed out with

distilled water, 200 to 300 c.c. of distilled water then introduced, and the

necessary number of aspirations made. The contents of the bellows

are well shaken after each aspiration to allow all the acids present to

be dissolved by the water. When the operation is complete, a little

water is forced into the connecting tube and' allowed to flow back into

the bellows to wash out any acid that may have condensed in the tube.

The liquid in the bellows is then washed into a porcelain dish, and if

necessary filtered from soot. Any sulphurous acid present is oxidised

by potassium permanganate, excess of the latter removed by a trace of

ferrous sulphate, the solution neutralised by pure sodium carbonate, a

little potassium chromate added, and the whole titrated with TVyio or

A7100 silver nitrate solution. Each i c.c. yV/io silver nitrate solution =
0-003646 g. HCl.

In the Alkali Inspector's Report for 1898 (No. 35) an addition of

hydrogen peroxide, free from chlorine, to the water .put into the

bellows was recommended. This addition effects the immediate oxida-

tion of any sulphurous acid present in the gases. The total acidity is

determined by titration with sodium carbonate solution, and subse-

quently the chloride as above, by means of silver nitrate. Certain

difficulties are liable to occur when working in this manner. Thus
discoloration may arise owing to incomplete oxidation of organic

matter by the hydrogen peroxide, and this may under certain conditions

lead to the reduction of the chromate ;
further, it is difficult to obtain

hydrogen peroxide free from chlorine. For these reasons the process

has been modified, and is now carried out as follows. The total acidity

is determined as before with sodium carbonate solution and methyl

orange, a few drops of potassium permanganate solution being added
" in cases where the solution is very dark owing to the presence of sooty

matter. The neutralised solution is treated with 0-5 g. of calcium or

magnesium carbonate, followed by 5 to 10 drops of a 5 per cent, ferrous

sulphate solution, the mixture stirred for a minute and then decanted or

filtered. The chloride is then estimated in the filtrate in the usual

manner. The addition of ferrous sulphate gets rid of the organic

matter which is carried down with the ferrous carbonate precipitate, and

so gives a neutral solution in which the hydrogen peroxide will not

exert any reducing action on the chromate ; also, it precipitates the

arsenic and copper which are found in testing the gases from copper-

works.
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The potassium permanganate, added to oxidise the organic matter,

must be employed with caution, since the manganese sulphate produced
may reduce the chromate, with the production of a green-coloured

solution ; this will, however, not occur if the solutions are neutralised

as described.

Should any of the difficulties above referred to be met with, it is

best to oxidise with nitric acid and estimate the chloride by \'olhard's

method (p. 123).

A continuous test may of course be made, as in the case of the

exit gases of the sulphuric acid process (p. 335), by employing a large

aspirator and selecting a suitable type of absorption apparatus {cf.

p. 302) ; the flasks described in the Alkali Inspector's Annual Report
for 1898 are specially suitable for this purpose.

Examination of the Gases in the Hargreaves' Process

In this process ^ the burner gases from pyrites or blende are drawn,
together with steam, through hot salt, packed in iron cylinders, whereby
the sodium chloride is converted into sodium sulphate, the sulphur

dioxide being gradually absorbed and hydrochloric acid liberated. The
progress of the reaction is followed by withdrawing and testing samples

of the gases passing through thev connecting pipes between adjacent

cylinders. The tests are made in the following manner :

—

{a) Total acidity, best estimated by Lunge's method (p. 299).

•
{J}) Sulphur dioxide, by. Reich's method (p. 300).

{c) Hydrochloric acid. The test is made in the sample taken for

test a by titration with silver nitrate, either by Mohr's method (p. 123),

or by Volhard's method (p. 123)

The content of sulphur trioxide is obtained by deducting b-\-c

"m a.

For continuous work test, a or b may be omitted ; either of these in

combination with test c is sufficient.

PROrERTIES OF HYDROCHLORIC ACID

The strength of -the acid is usually determined by the hydrometer.

The use of the Twaddell scale possesses the advantage that for acids of

ordinary strengths the number of the degrees Tw. and the percentage

of acid in the acid are represented by practically the same figure. The
following table, drawn up by Lunge and Marchlewski,- gives for the

various specific gravities of pure hydrochloric acid the corresponding

degrees on the Twaddell scale, the percentage content in HCl, the

^ Cf. Lunge, Sulphuric Acid and Alkali, vol. ii., p. 238.

- Z. angew. C/ieiii., 1S91, 4, 135.
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percentage content in acid of 28"- 5 Tvv. and of 30"-4 T\v., and the weight

of HCl per Htre of the acid expressed in grams and per cubic foot

expressed in pounds.

Specific Gravity of Hydrochloric Acid Solutions at 15 C, com-
pared with Water at 4 , and reduced to vacuum.

(Lunge and Maixhlewski.)
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above this range) by the aid of the accompanyhig short table. If the

observed reading is made below 15° the values given in the table must

be deducted for each 1° below the 15° ; for observations made above 15"

the corresponding values must be added.

Spec. Grav. i-ooo— 1-040: ± 0-0002

„ 1-041— 1-085 : 0-0003

„ I -086— I- 1 20: 0-0004

1-121— 1-155: 0.0005

„ I-
1
56— 1-200: 0-0006

Kremers ^ has published a table giving the variations in the specific

gravity of hydrochloric acid over a temperature range from o' to 100°

(normal temperature ig^-S) ',
the most recent table is that of Fuchs.-

Detection of Impurities^

1. Residue.^ Ten g. should leave not more than a very minute and

scarcely weighable residue on evaporation.

According to Krauch, the preparation of absolutely chemically

pure hydrochloric acid is attended by considerable difficulties ; he

invariably found, on evaporating 50 g. of the acid in a porcelain dish, a

residue of about i mg., probably consisting of calcium oxide derived

from the porcelain vessel or from the sulphuric acid.

2. Sulphuric acid* (a) Five g. are diluted with 50 c.c. of water, and

barium chloride added ; no sign of a precipitate should appear after

twelve hours' standing.

(<^) Five hundred g. are slowly evaporated on the water-bath till

only about i c.c. remains and the sulphuric acid estimated in this

residue, an ash-free filter paper being employed. The weight of barium

sulphate found should not exceed 12 mg., corresponding to i mg. HoSO^
per TOO g. hydrochloric acid.

Krauch states that scarcely a single sample of the various makes to

be found on the market appears to be absolutely free from sulphuric

acid when tested as under d ; many of the samples examined gave the

sulphuric acid reaction with test a, that is, without evaporating off the

hydrochloric acid, showing, therefore, a greater degree of impurity than

should be accepted.

In commercial work the evaporation of the acid may be omitted and

much time saved by nearly neutralising the acid with pure sodium

carbonate (not with ammonia) before precipitating by addition of

barium chloride. Each one part by weight BaSO^ = 0-3429 parts SO3.

1 Pogg. Anil., 1859, 108, 115. - Z. aiigeu: C/ian., 1898, II, 753.

' The tests marked with an asterisk are due to Krauch and apply only to acid, hydrochloric,

purum. cone.
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A rapid method for the approximate estimation of the sulphuric

acid present, well suited to works purposes, has been proposed by

Lunge. The method is based on the degree of turbidity produced by

addition of barium chloride, and is best carried out in the following

modified form proposed by Riirup.^ Glass tubes having a lower part 6

mm. diameter, sealed below, and an upper part 15 mm. diameter,

closed with a rubber stopper, are used for the estimation ; the cylin-

drical, narrower portion is 250 mm. in length, and is graduated in the

following manner. Acids containing varying proportions of sulphuric

acid, from 0-4, o-6, etc., to 3 o per cent. SO3, are prepared, 10 c.c. of

each heated to boiling, transferred to the tube, nearly neutralised

with strong ammonia, precipitated by addition of hot barium chloride

solution, and allowed to settle. A mark is then made on the tube corre-

sponding to the level of the settled precipitate and the corresponding

percentage of acid etched at the side. To carry out a test, 10 c.c. of the

acid are nearly neutralised with ammonia, heated to boiling, transferred

to the tube, 5 c.c. of a saturated solution of barium chloride added, the

rubber stopper inserted, and the tube well shaken. Five minutes are

allowed for settling before reading off the volume of the precipitate.

The method is said to be accurate to within 0-05 per cent.

3. Arsenic. The detection and estimation of arsenic in hydrochloric

acid is of importance not only in chemico-legal investigations but also

in numerous anah'tical and technical applications. The methods of

estimating arsenic in sulphuric acid apply also to hydrochloric acid {cf.

p. 362 et seq.).

(a) According to Krauch, hydrochloric acid which will satisfy the

following test may be looked upon as sufficiently pure for most

analytical work. Ten g. of the acid are diluted with 10 c.c. of water

and the mixture carefully covered in a test tube with a layer of 5 c.c. of

freshly prepared sulphuretted hydrogen water ; no coloration or yellow

ring should appear at the junction of the two solutions even after the

lapse of an hour. The test should be applied to both cold and hot

solutions so as to detect arsenic acid ; 0-000005 g. As in i g. acid can be

detected, that is, ^?^ mg. As in the quantity taken for the test.

{/)) According to the German Pharmacopoeia, III., i c.c. of hydro-

chloric acid is treated with 3 c.c. of stannous chloride solution, prepared

by rubbing to a cream five parts of crystallised stannous chloride and one

part of hydrochloric acid, saturating with dry hydrochloric acid gas, and

filtering. No coloration should appear after the mixed solutions have

stood for one hour.

(<;) Hager's Kramato-method ''

is extremely sensitive, and quickly and

simply carried out. One c.c. of the hydrochloric acid is diluted with

2 c.c. of water and a little ammonium oxalate added. A drop of the

1 C/i£m. ZeiL, 1894, 18, 225. ^ pharm, Centi'., 1884, 265.
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solution is then evaporated on a strip of brass (previously rubbed clean

with sand and water and dried), the heating being so regulated that no

ammonium salts are volatilised. If arsenic be present, a stain is produced

varying from grey through red to black, according to the quantity of

arsenic in the acid.

{d) A delicate method for the detection of arsenic has been described

by Schlickum.^ If a minute crystal (o-oi to o-02 g.) of sodium sulphite

is added to a solution of 0-3 to 0-4 g. stannous chloride in 3 to 4 g.

of hydrochloric acid, both sulphur dioxide and sulphuretted hydrogen are

evolved, the latter being due to the reducing action of the stannous

chloride on the sulphurous acid. If hydrochloric acid containing

arsenic be carefully introduced so as to form a layer on the top of the

solution, a yellow ring of arsenious sulphide immediately forms at

the zone of contact. The reaction is given by t.^ mg. of arsenious acid.

The ring gradually extends in an upward direction, and in the presence

of i mg. of arsenious acid the whole of the acid layer assumes a yellow

colour in the course of a few minutes. The reaction proceeds more
slowly when the arsenic is present in the arsenic condition. The
success of this test depends on the use of a minimum quantity of

sodium sulphite and of strong hydrochloric acid, so as to prevent

the separation of antimony sulphide.

The two following tests are especially adapted for confirming the

complete absence of arsenic in hydrochloric acid, more particularly in

chemico-legal inquiries.

{e) Otto's method.- Several litres of the acid are treated with a few

crystals of potassium chlorate, and sufficient water added to reduce

the specific gravity to a maximum of 1-104. The solution is evaporated

on the water-bath in a porcelain dish, the residue taken up with water

and examined by the Marsh-Berzelius test.

{/) Gutzeit's test (p. 374) is extremely delicate and allows the detec-

tion of t-qVo nig- ^s^Og, but it involves the careful observation of the

conditions referred to in connection with sulphuric acid, since sulphu-

retted hydrogen, hydrogen phosphide, and antimoniuretted hydrogen

affect both silver nitrate and mercuric chloride papers in a similar

manner to arseniuretted hydrogen.

Quantitative detenninatiou of Arsenic. The arsenic present in

ordinary, non-purified, commercial hydrochloric acid, may be determined

quantitatively either by reducing 20 g. of the acid with sulphurous acid,

driving off the excess of the latter, neutralising with sodium carbonate,

and titrating with iodine or by precipitating with sulphuretted hydrogen,

and weighing the sulphide obtained after extraction with carbon bi-

sulphide. Neither method is free from objection, and in the latter

case it is difficult to be certain that the arsenic is actually present

1 Analyst., l885, II, 19. - Ausmittelung der Gi/te, 1884, p. 146.
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as pure As^Sy. Kretzschmar ^ therefore recommends the following

method :—
The highly diluted acid is nearly neutralised by addition of sodium

carbonate, ammonia and yellow ammonium sulphide then added,

followed by chemically pure hydrochloric acid in excess and a strong

current of sulphuretted hydrogen passed for two hours through the

solution, which is kept hot on the water-bath. By this treatment the

precipitation, which otherwise requires from fifteen to twenty-four hours,

is complete in the time stated. The precipitate of arsenious sulphide

is washed, dissolved in potassium hydroxide, aided by chlorine,

or preferably by bromine, and the arsenic finally precipitated in slightly

acid solution by the addition of ammonia and magnesia mixture and
weighed as magnesium pyroarsenate. This method may also lead to

erroneous results ; should the ignition be too strong, arsenic may be

distilled off, whilst if too gentle, the conversion to the pyroarsenate is

likely to be incomplete.-

The following abnormally high percentages of arsenic found by
Buchner in certain non-purified acids, viz., 2-4, 3-1, 10-4, 0-7, 47, 5-7,

9-7 g. As per 100 kilos crude acid have been stated^ to be quite mis-

leading, at all events for well-regulated works.

4. Iron* Five g. diluted to 25 c.c. should yield no coloration on the

addition of a few drops of potassium thiocyanate solution.

For detecting traces of iron in strong acids, Venable^ recommends
making use of the blue solution obtained on treating cobaltous nitrate

with strong hydrochloric acid. Traces of ferrous salts change the blue

colour of such a solution to green ; ferric salts are without effect.

For quantitative work the iron is reduced with zinc, the solution

diluted with a large volume of distilled water, a 20 per cent, solution

of manganese sulphate, free from iron, added, and the whole titrated

with A^/20 potassium permanganate solution (1-582 g. per litre), of

which I c.c. = 0-002795 g. Fe. A blank experiment on an equal

volume of the distilled water, as used above, is made at the same time

and the volume of permanganate solution necessary to produce a faint

j^ermanent rose tint deducted. Traces of iron are determined colori-

metrically as described above (p. 381).

5. Sulphurous add. According to Krauch, the addition of a few c.c.

of the diluted acid should not destroy the faint blue colour of water to

which a little iodine and starch solution have been added. In the absence

of chlorine and ferric chloride, sulphurous acid may also be detected by

means of sulphuretted hydrogen (white cloudiness due to separated

sulphur) or by stannous chloride (brown precipitate of stannous sulphide).

For quantitative work, titration with permanganate or iodine solution

1 Cheni. Zeit., 1891, 15, 269. ^ C/ietii. Zeit., 1891, 15, 43.
'•^

Cf. Blattner and Brasseur, Chem. ZeiL, 1904, 28, 211. * Z. anal. Chem.^ 1889, 28, 699.
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is adopted. It is, however, safer to estimate the total sulphuric acid

present after oxidation b}- the above reagents, or by hydrogen peroxide,

and to deduct from this the sulphuric acid originally present as found

under 2.

6. SimultancoHs cxamiuatiofi for Snlpliurous aiid Arsenious acids. If

on adding iodine solution to the acid the iodine is decolorised, at least

one of these impurities is present.

Should this be the case, Hilger^ recommends the addition of more
iodine solution till an excess is present ; the acid is then transferred to

a test tube and a few pieces of zinc added. The test tube is loosely

stoppered by a cork carrying a piece of silver nitrate paper ; arsenic, if

present, produces a darkening of the paper, owing to the arseniuretted

hydrogen evolved. Should no darkening occur, the original acid is

tested for sulphurous acid by first precipitating the sulphuric acid

by means of barium chloride and adding iodine solution to the filtrate

till a coloration is produced ; should sulphurous acid be present in

the original h}-drochloric acid, a further precipitation of barium sulphate

will take place.

7. CJilorine. No blue coloration should result when i c.c. of the acid,

diluted with water, is added to 5 c.c. of very dilute freshly prepared

starch solution to which a few drops of potassium iodide solution and
a few drops of dilute sulphuric acid have been added. By carrying out

the test in this manner any blue coloration due to the presence of iodate

in the potassium iodide would appear before the addition of the

hydrochloric acid to be tested. An alternative method of testing is to

shake the acid in a closed flask with a perfectly clean, bright piece of

thin copper foil, first displacing the air in the flask by means of carbon

dioxide ; should chlorine be present, part of the copper goes into solution

and may be detected by potassium ferrocj-anide, etc. For ordinary

purposes it is sufficient to hold a piece of iodised starch paper in the

vapours given off from the warmed acid ; an immediate blue coloration

shows the presence of free chlorine.

8. Seleniuui is detected b\' the Reinsch test and gives a similar stain

on copper to that produced by arsenic ; on heating the copper foil

in a dry test tube a sublimate is obtained which dissolves in sulphuric

acid with the formation of a brownish-green coloration."-

According to Reidemeister,^ reddish-brown deposits of selenium are

sometimes found in roaster acid but never in pan acid.

9. Estimation of Hydrocldoric acid. Ten c.c. of the acid, the specific

gravity of which has been previously determined, are measured from an

accurate pipette, diluted to 200 c.c. with water, and 10 c.c. of this solution

taken for the test ; or about i g. of the acid is accurately weighed off in

1 Jahresber.f. chem. Tech., 1875, p. 445. - Drinkwater, ibid., 1884, p. 348.

^ Lunge, Sulphuric Acid and Alkali, vol. ii., p. 98.

2 D
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the bulb-tap pipette (Fig. 134, p. 390), allowed to flow into water, and the

whole of the solution so obtained taken for titration. The diluted solution

is treated with sodium carbonate, free from chloride, until the reaction is

neutral or very faintly alkaline. This may be done rapidly and without

appreciable loss of acid by spotting, if sodium carbonate solution cor-

responding to the acid content, as determined from the specific gravity

by the aid of the table given above (p. 412), be added from a burette. A
little neutral potassium chromate solution is then added and the solution

titrated with A710 silver nitrate solution until a distinct faint rose

coloration, which remains permanent on stirring, is produced {cf. p. 123).

From the volume required, the usual deduction of the o-2 c.c. necessary

to produce the coloration must be made. The percentage of HCl in the

acid is obtained by multiplying the number of the remaining c.c. by

72-92 and dividing by the specific gravity of the acid.

The titration may also be carried out by Volhard's method (p. 123).

Should metallic chlorides be present, the above method will obviously

lead to incorrect results ; appreciable quantities of such chlorides occur,

however, but seldom. In such cases the total acidity is determined as

described for sulphuric acid (p. 413), the sulphuric acid estimated as

in 2, and deducted from the total acidity. This method ma}' be

emplo)'ed, of course, even in tlie absence of metallic chlorides.
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THE MANUFACTURE OF SODIUM CARBONATE

By Professor G. LuNGE ; translated by James T. Conrov, B.Sc, Ph.D.

I. THE LEBLANC SODA PROCESS

RAW MATERIALS

I. Saltcake

The analytical examination of saltcake has already been described

(p. 404 et seg.). In the case of saltcake intended for alkali manufacture,

additional important conclusions are to be drawn from the outward

appearance and behaviour of the sulphate. According to Lunge/ salt-

cake intended for the revolver process must satisfy the following

requirements. It should be very porous and in the state of fine

powder, or at least "spongy"; any lumps present must be quite easily

crushed with a spade, and then fall to fine powder. Hard lumps

nearly always contain a core of raw common salt, which is at once

recognised by its colour and texture ; on crushing, its coarsely crystal-

line form and grey colour present a strong contrast to the fine-grained

yellowish or white sulphate. Since saltcake containing salt fluxes

more easily than in the pure state, pieces which are entirely fluxed,

even if inwardly white, are also open to suspicion. Hard, lumpy,

or fluxed saltcake, even if containing 97 per cent, of sodium sulphate,

will not yield a good black ash. Sufficiently pure saltcake may be

deteriorated by calcining so far that the ferric sulphate, which is always

present, has been converted into red ferric oxide ; such saltcake

(termed " foxy ") never makes good soda. Good saltcake accordingly

ought to show a little, but not above 1-5 or at most 2 per cent, of free

acid (as SO3) ; in this case it will not, as a rule, contain more than

0-5 or at most i per cent, of sodium chloride. Quite fresh saltcake, just

as it comes from the roaster, does not yield such good ash as that

which has been Ix'ing for some time ; even outwardly the difference

is noticeable. Fresh saltcake always shows more or less lumps and

other irregularities in texture, whilst that which has been lying for some

1 Sulphuric Acid and Alkali, vol, ii., p. 481.
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time in a large heap, looks quite regular and of even grain. In all

probabilit)', in such large heaps, which retain their heat for a long time,

a further reaction takes place between the undecomposed sodium

chloride and the excess of acid, which improves the qualit}' of the

saltcake.

2, Calcium Carbonate

This is employed in the form of limestone, chalk, or dried lime-mud,

obtained either from the Chance process (see under " Soda Residues ")

or from the causticising pans where the lime process is used.

So far as the revolver process is concerned, the harmful constituents

likely to occur in limestone are, magnesia (dolomitic limestones are

quite unsuitable), cla}-, sand, and iron. The last three impurities

combine with the soda to form double silicates insoluble in water, and

thus lead to loss of alkali. Many limestones are coloured blue and

even black, owing to the presence of organic matter of a bituminous

character; this impurity is, however, perfectly harmless.

The analysis is generally confined to the determination of moisture,

matter insoluble in hydrochloric acid, calcium and, where necessar}-,

magnesium. Full details are given under the manufacture of " Bleaching

powder" (p. 481).

3. Mixing Slack

As a rule, coal is emplo}'ed for the black ash mixture ; occasionally,

however, lignite, wood, charcoal, coke, etc., are used. In taking the

samples for analysis, the rules given on pp. 9 and 241 must be

rigorously observed. The following determinations are necessary.

1. Moisture.—To prevent loss of moisture during grinding, the sample

is only broken down to the size of beans, and as rapidly as possible.

One hundred to 200 g. are then heated for two hours at a temperature

not exceeding 110°, the quantity of air entering the drying oven being

kept as low as possible. If this be neglected, too great a liberation of

the volatile " bituminous " constituents may occur, and finally an

increase in weight due to oxidation may arise. It is advisable to

employ an air-bath, the upper opening of which is nearly closed, or

else a toluene vapour bath. It is still more satisfactory to heat in a

current of dry carbon dioxide.

2. Coke, that is the non-volatile portion of the coal or fixed carbon.

One g. of the finely ground coal is quickly heated in a platinum

crucible, covered with a tightly fitting lid ; the crucible should be

at least 30 mm. deep. An ordinary Bunsen burner giving a flame at

least 18 cm. high is employed, and the heating is continued so long

as any appreciable quantity of combustible gas continues to escape

between the crucible and the lid ; this should only take a few
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minutes. The crucible is then allowed to cool, and weighed. The

platinum crucible should be supported in a thin wire triangle, and

its bottom should not be more than 3 cm. above the top of the

burner. With too small a flame, or too thick a triangle, the yield

of coke comes out too high. The results are calculated on the

ash-free coal or coke, to facilitate comparisons. A good fuel should

yield 60 to 70 per cent, of coke.

3. Ash.—The estimation of the ash is very simple in the case of

lignite or turf Coke requires a very high temperature for incineration.

For the determination of ash in caking coals the sample must be very

finely ground and the heating effected very gradual!)-, so that the

volatile constituents may escape without the powder caking to form

a coke.

Should only an occasional determination of the ash be necessary,

I to 3 g. of the finely powdered fuel are heated in a platinum crucible

supported in a hole cut in an obliquely supported piece of asbestos

card (Fig. 136). By this device the air serving

for oxidation is kept apart from the flame

gases and the incineration is correspondingly

accelerated. Working in this way, the opera-

tion is completed in two hours, whereas other-

wise it might still be incomplete after eight or

ten hours. The use of the blowpipe is not to

be recommended, since it is liable to lead to a

loss of ash mechanically. fig. 130.

Where frequent tests have to be made it is

preferable to carry out the incineration in a muffle, employing a platinum

or porcelain dish ; or combustion may be still more rapidly effected if

the fuel, contained in a platinum boat, be heated in a porcelain tube in

a current of oxygen. In the latter case small pieces of the coal or coke

are taken, since with a fine powder the oxygen does not come sufficiently

into contact with the lower portions.

In case a new supply of coal is to be examined, a determination of

the quantity of the ash only will not be sufficient ; the percentages of

silica, alum.ina, and ferric oxide present should also be estimated accord-

ing to the methods used for the analysis of silicates {cf. p. 580)-

4. Sulphur.—Eschkds method. From 0-5 to i g. of the finely powdered

coal is well mixed in a platinum crucible, by the aid of a glass rod, with

one and a half times its weight of an intimate admixture of two parts of

well-burnt magnesia and one part of anhydrous sodium carbonate, and

the uncovered crucible heated in an oblique position, so that only the

lower half is raised to redness. This is best done as shown in Fig. 136.

The combustion is hastened by frequently stirring the mixture with a

platinum wire. The colour, which is originally grey, changes during
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ignition to yellow, red, or brown ; the time required for the ignition

seldom exceeds an hour. Hot water is then poured on the ignited

mixture and bromine water added until the solution assumes a pale

yellow colour, after which it is boiled, filtered, and the insoluble residue

thoroughly washed with hot water. The aqueous extract is acidified with

hydrochloric acid, boiled until the excess of bromine has been expelled

and the solution has become colourless, and the sulphate precipitated

by addition of barium chloride as described above (p. 274). Allow-

ance must, of course, be made for any sulphate present in the magnesia

and sodium carbonate mixture. Should the coal gas be rich in sulphur,

it is advisable to work with a spirit lamp ; Lunge, however, finds that

the use of the asbestos card (Fig. 136) suffices to keep the products

of combustion away from the contents of the crucible.

Hiindcshageiis uictJiod differs from Eschka's in the use of potassium

carbonate instead of sodium carbonate. Other published methods

are either too troublesome or else too uncertain.^ Norvicki-

employs a Rose's crucible in carrying out the Eschka method, and so

renders it possible to conduct a current of oxygen through the mixture

during the ojDeration. The application of sodium peroxide for the

determination has already been described (p. 246).

5. Nitrogen is estimated by igniting the fuel with soda-lime, and

absorbing the products formed in standard sulphuric acid as in the

ordinary method of organic anal}-sis ; Kjeldahl's method (p. 247) is prefer-

able. This estimation is much more important in the case of mixing

slack than in that of furnace fuels.

CONTROL OF WORKING CONDITIONS

I. Black Ash

The outward appearance of the " ball " is a more important guide

than the chemical analysis, more especially as the latter is vitiated by

the impossibility of drawing a truly average sample ; nevertheless

analysis should of course not be omitted.

A properly made ball 'Ms easily detached from the bogie. In the

places exposed to the air whilst at a red heat, especially at the surface

projecting from the bogie, it is of a liver-brown colour, at the other por-

tions of the surface a blackish brown. On breaking, a good ball presents

a slate-grey colour and a honeycombed, almost pumice-like structure
;

it should be as homogeneous as possible, with only a few particles of coal

here and there. There should be no black streaks (from coal) or white

^ For a comparison and examination of these methods, cf. Heath, J. Aiiicr. Cliein. Soc,

1898, 20, 630.

- Sta/tl u. Eiseii, 1903, 23, 1141. ** Cf. Lunge, Sulphuric Acid and Alkali, vol. ii., p. 552.
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streaks (from chalk) ; these indicate bad working. The presence of

many dispersed particles of coal or of chalk point to an excess of this

constituent in the mixture. A pink or purple shade of colour is less

satisfactory. The inside of a ball ought to be all of one shade, except

close to the edge, where it is always a little darker.

Dark coloured balls result when the furnacing is insufficient or when
the mixing has been bad. Red (burnt) balls contain much sodium

sulphide, to the presence of which the colour is due.

The black ash is tested daily for its percentage of free and total

lime, and for sulphide, sulphate, and carbonate of sodium ; the deter-

mination of the free lime is important, since it aids the lixivlation

by reason of the disruptive action brought about by hydration, and

unless a certain quantity be present in the ball the lixiviation process

proceeds very slovv'ly and may be very incomplete.

Siilp/iide, Sulphate, ami Carbonate of Sodium. In addition to the above

the sodium hydroxide and chloride present are also estimated more or

less frequentl}^ The sodium found as Na.,COo, Na.^S, and NaOH is

calculated to Na^SO^, and the value obtained added to that of the

Na^SO^ present as such, giving the total sodium expressed as Na.^SO^.

By comparing this value with the figure found for "total lime," it is

possible to ascertain from the analysis whether the correct

proportion of saltcake and lime has been used in the mixing.

The estimation of the various constituents is carried out

as follows.^ Fifty g. of the average sample are rapidl}', but

thoroughly, ground in a mortar (in works it is often possible

to employ some mechanical contrivance for this purpose), and

introduced into a 500 c.c. flask. Lukewarm, distilled water,

freed from carbonic acid by previous boiling, is then poured

on the mass, which is thoroughly shaken at once, and subse-

quently at intervals during two hours. It is important that

the mixture should be thoroughly shaken at the start, other-

wise the mass cakes to a solid block on the bottom of the

flask and cannot then be broken up.

I. Free Lime.—At the end of the two hours the flask is

filled up to the 500 c.c. mark and two portions, each of 75 c.c,

of the thoroughly mixed contents are taken for the estimation

of free and total lime. For this purpose it is advisable to use

a pipette, the outlet of which terminates abruptly, as shown
in Fig. 137, instead of an ordinary pipette, the long narrow outlet tube

of which is very apt to get blocked by the solid matter present.

The frothy material on the outside of the pipette is washed off by
means of a wash-bottle, the contents emptied into a beaker and the

V
Fig. 137.

^ Cf. L\xnge,Sulj>/iuric Acid and Alkali, vol. ii., p. 557 ; Z. aiigew. C/iem., 1890, 3, 570.
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pipette washed out with water. An excess of barium chloride solution

and a drop of phenolphthalein solution are added, and the mixture

titrated with yV 5 hydrochloric acid until the red coloration just

vanishes {cf. p. 72). Each i c.c. of the acid = 0-00561 g. CaO. Pro-

vided the shaking is efficient, concordant results are obtained.

2. Total Lime.—This determination is carried out by first converting

the lime into calcium chloride and then into calcium carbonate, in

neutral solution, by addition of an excess of iV'5 sodium carbonate

solution, the excess of this reagent being titrated back by iV/5 acid.

Five c.c. of the thoroughly shaken solution, as used under i, are treated

in a small Erlenmeyer flask with a few c.c. of strong hydrochloric acid

and then heated to boiling until all gas has been expelled. A drop of

methyl orange is added to the cooled solution, which is then exactly

neutralised with sodium carbonate solution
;
30 to 40 c.c. of iV/5 sodium

carbonate are next added and the solution again heated to boiling. By
this treatment the whole of the calcium is precipitated as calcium carbon-

ate, together with a certain quantity of oxide of iron, alumina, and

magnesia. The quantity of the three latter compounds is, however, small

and for the present purpose may be neglected. The mixture is trans-

ferred to a 200 c.c. flask, the flask filled to the mark with v/ater, and the

excess of sodium carbonate determined by titrating 100 c.c. of the

filtered solution with N[^ hydrochloric acid, using methyl orange as

indicator.

If the number of c.c. of acid required, = n and 30 c.c. of sodium car-

bonate solution, have been taken, the total calcium, expressed as CaO,

is = (30-2//) X 0-00561, or, expressed as CaCOg, = (30— 2«) xo-oiooi.

The results obtained by these two tests are not to be regarded as

absolute, owing to the impossibility of obtaining a really average sample
;

they serve, however, as a guide, provided that they are made in the

thoroughly mixed turbid solution. The same reservation holds for

all the results obtained for black ash, and on this account it is

important to take the physical appearance of the ball into consideration

{cf. p. 422).

After the portions for the above tests have been taken, the 500 c.c.

flask is well stoppered and allowed to stand until the solution has

become perfectly clear, after which portions are withdrawn for the

following determinations.

3. Total available Alkali.—Ten c.c.,= i g. of black ash, are titrated

cold with hydrochloric and meth}'l orange (p. 61). This gives the

total alkalinity, and is a measure of the Xa^CO.., NaOH, and Na^S.

The quantity of NaXO^ present is found by deducting the values found

under 4 and 5 and is equal to 0-05305 g. for each i c.c. of normal acid.

Any error due to small amounts of alumina and silica may be neglected.

4. Caustic Soda is estimated by adding an excess of barium chloride
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solution (lo c.c. of a lo per cent, solution of BaCl.,.2H.,0 will more than

suffice) to 20 c.c. of the liquor contained in a 100 c.c. flask, filling to

the mark with boiling water, shaking and corking ; the precipitate

settles well, the solution becoming clear after a few minutes' standing.

Fifty c.c. of the clear solution are pipetted off and when cold titrated

with h3'drochloric acid and methyl orange. The solution should not

be filtered, because filter paper absorbs appreciable quantities of barium

salts. A simpler and more exact method is to titrate the solution

(10 c.c.) in presence of the precipitate, emplo}-ing litmus or, still better,

phenolphthalein as indicator, the colour change taking place when all

alkali h}-droxide is neutralised {cf. p. 72). Each i c.c. of acid corresponds

to 0-04003 g. XaOH in i g., the weight of black ash taken. In this method
any sodium sulphide present is estimated as hydroxide ; silica is present

in such extremely minute quantity that it does not interfere with the

determination, though it ma}' do so in the case of the finished caustic

soda {cf. p. 466).

5. Sodium sulphide.—Ten c.c. of the solution are diluted to about

200 C.C. with boiled air-free water, acidified with acetic acid and titrated

quickly with iodine solution, employing starch solution as indicator. If

TV/io iodine solution be used (12-697 g. I pci* litre), each i c.c. =0-003908

g. Na^S ; if the solution be made up to contain 3-249 g. I per litre, then

each I c.c. =0-001 g. Xa.,S. When employing the N-io solution the

number of c.c. required divided by 10 gives the acid equivalent to be

deducted from test 4. The more exact process, due to Lestelle, described

under the analysis of the finished soda ash, is unnecessary in testing

black ash. A detailed investigation has been made by INIarchlewski ^

on the estimation of sulphide-sulphur.

Xo account need be taken of other sulphur compounds, with the

exception of sulphate ; their separation is dealt with under Soda INIother

Liquors (p. 429).

6. Sodium chloride.—Ten c.c. of the solution are neutralised as

exactly as possible with nitric acid, most conveniently by adding the

same number of c.c. of normal nitric acid (63-02 g. HXOy per litre) as

were required of hydrochloric acid in test 3. The solution is then

boiled until all sulphuretted h}-drogen has been driven off, filtered from

separated sulphur and, after the addition of a little neutral potassium

chromate solution, titrated with silver nitrate solution. Or nitric acid

of any convenient strength may be added in excess and the solution

rendered slightly alkaline by addition of sodium carbonate or

bicarbonate after all the sulphuretted hydrogen has been expelled.

Volhard's method, using amm.onium thiocyanate as indicator (p. 123)

can also be employed, in which case it is not necessary to neutralise the

excess of nitric acid. Each i c.c. oi X 10 silver nitrate solution corre-

1 Z. anal. C/ieiii., 1S93, 32, 405.
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spends to 0-00585 g. NaCl ; a solution containing 2-9054 g. AgNOy
per litre corresponds per i c.c. to o-OOi g. NaCl.

7. Sodium sulphate.—Twenty c.c. of the solution are acidified with

hydrochloric acid, in not too great excess, heated to boiling, and a hot

solution of barium chloride added. Should the bulk of precipitated

barium sulphate be small, it may be at once transferred to and

washed on the filter with hot water and ignited in a platinum

crucible whilst still wet. Each one part BaSO^ corresponds to 0-60885

parts Na.^SO^.

By taking advantage of the methods of weighing and taring

described on p. 20, the gravimetric method of estimation is quite as

rapid as the volumetric process (p. 277), and is at the same time

appreciably more accurate.

8. Carbonating test.—An average sample of the full charge, taken

by mixing together equal quantities of the solutions from each ball

tested, is carbonated by a current of carbon dioxide, and filtered. The
sum of the NaoCOo, NaoSO^, and NaCl is then determined by evaporat-

ing the filtrate and weighing the dry residue.

2. Vat Liquor

The liquor should be as far as possible of a bright yellow colour, and

should not be tinged brown or green. The strength should be from

54° to 57° Tw. (sp. gr. 1-26 to 1-28), measured warm. Since a considerable

separation of crystals takes place on cooling, the liquor must be

examined whilst still warm, and if necessary kept at 40°. It is best,

and saves much time, to withdraw small portions (2 to 5 c.c.) in accurate

pipettes from the non-diluted liquor for the following tests.

Specific gravity.—The specific gravity is taken by the h}'drometer,

and, as explained above, necessarily in the warm solution. Lunge ^ has

shown that if the temperature of the liquor be taken at the same time

a very close approximation to the amount of solid material in the

liquor may be obtained since the percentage corresponds almost exactly

with the percentage of pure sodium carbonate present in a sodium

carbonate solution of the same specific gravity (r/. Tables, pp. 448 and

449.

The chemical examination of the vat liquor includes the following

determinations :

—

I. Sodium carbonate.—Two c.c. are titrated with normal hydro-

chloric acid. If methyl orange be employed as indicator, the solution is

cooled by addition of cold water. The number of c.c. found under 2,

together with ,\j of the number of c.c. found under 3, must be deducted

from the number used in this test.

1 C/iew. /«(/., iSSi, 4, 376.
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2. Caustic Soda.—Two or 5 c.c. are measured off and treated as

described on p. 424.

3. Sodium sulphide.—This is determined in 2 c.c. of the liquor as

described on p. 425. Errors arising from the presence of other sulphur

compounds may be neglected.

4. Sodium sulphate.—Two c.c. are examined, as on p. 426.

5. Total Sulphur.—Plve c.c. of the liquor are oxidised by addition

of strong bleaching powder solution and hydrochloric acid in excess,

taking care that the solution smells strongly of chlorine. The solution

is filtered and precipitated by barium chloride.

6. Sodium chloride.—Two or 5 c.c. are neutralised as described

on p. 425, and titrated.

7. Sodium ferrocyanide.—This may be estimated by de Haen's

permanganate method, viz., precipitation as Prussian blue, decomposi-

tion of this on the filter by sodium hydroxide solution, and titration of

the re-formed sodium ferrocyanide by permanganate. The following

modification of Hurter's copper sulphate method is, however, both better

and quicker. In its original form ^ the method had the disadvantage

that the expulsion of the chlorine from the excess of bleach used was a

very tedious operation, during which decomposition of the ferrocyanide

produced was liable to occur. Lunge and Schappi - have overcome this

difficulty by adding only so much bleach solution as is actually necessary

for the oxidation. The improved method is carried out as follows.

Twenty c.c. of the liquor, or a larger volume in the case of a low

cyanide content, are acidified with hydrochloric acid and a strong

solution of bleaching powder added from a burette to the well-agitated

liquor. A drop of the mixture is withdrawn from time to time and

added to a drop of ferric chloride, free from ferrous chloride, on a white

plate. The oxidation of ferrocyanide to ferricyanide is complete when

the ferric chloride test gives only a brown solution free from Berlin

blue. A drop of bleaching powder in excess does not matter, but if too

much has been taken or too large a volume of the solution withdrawn

for spotting, a fresh portion of the sample is taken and nearly the full

quantity of bleach solution required run in at once, only a few tests on

the plate being then necessary.

JVlio copper solution (containing 3-180 g. Cu or 12-488 g. crystallised

copper sulphate per litre) is then added from a burette to the oxidised

liquor, causing precipitation of yellow copper ferricyanide Cu3Fe3(CX)i^.

From time to time the solution is tested by mixing a drop of the turbid

liquid with a drop of dilute ferrous sulphate solution on a porcelain

plate. The addition of the copper solution is continued so long as the

test gives the blue colour, due to the interaction of the ferrous sul-

1 C/ieiii. A'fws, 1879, 39, 25 ; Lunge, Sulphuric Acid and Alkali^ vul. ii., p. 626.

- Chem. hid., 1881, 4, 370.
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phate and sodium ferricyanide, and until the colour produced on the

plate has a distinct reddish tinge. When this stage has been reached

all the ferricyanide has been converted into the copper compound
; the

red colour is due to the reduction of the yellow ferricyanide of copper to

the red ferrocyanide by the ferrous sulphate. The reaction must be

taken as finished as soon as the first marked reddening occurs, even

though this disappears after a short time. Each i c.c. of the copper solu-

tion should correspond to 0-01013 g. Na4Fe(CN)y ; but later work ^ has

shown that such is not the case, and that the factor to be used is o-oi 23 g.

Na^Fe(CN)j; per i c.c. copper solution. It is, however, advisable to

check the copper solution by standardising it directly with pure potas-

sium ferrocyanide.

Zulkowsky- estimates the ferrocyanide by adding the liquor to a

boiling solution of zinc sulphate, acidified with sulphuric acid, until a

blue colour is produced at the line of contact when a drop of the solution

and a drop of ferric chloride are placed a little distance apart on filter

paper. The precipitate has the composition :

—

K,Fe(CN)c. 3Zn.,Fe(CN),. i2H,0.

Zaloziecki'^ adds zinc carbonate to the solution to be tested, passes

carbon dioxide through the hot solution, and titrates a portion of the

filtrate with normal acid and methyl orange. The ferrocyanide present

in the liquor is calculated from the quantity of sodium carbonate formed

according to the equation :

—

2Na^Fe(CN), + 4ZnC03 = 2Zn,Fe(CN), + 4NaXO,

Should the liquor, as in the case of vat liquor, be alkaline before the

addition of the zinc carbonate, the acid corresponding to such alkalinity

must be deducted from that used after the above treatment.

Hawliczek^ estimates the total cyanogen by heating the black ash,

placed in a wrought-iron tube, in a current of hydrogen at a red heat.

By this treatment the cyanogen is said to be converted quantitatively

into ammonia, which is collected in normal acid.

The tJiiocyanate may be determined approximately by Hurter's

method, which consists in first precipitating the ferrocyanide by addition

of zinc chloride to the acidified liquor, filtering, and then comparing the

red coloration, produced on addition of ferric chloride to the filtrate, with

a series of standard solutions containing known quantities of thio-

cyanate and ferric chloride.

8. Silica, Alumina, and Ferric oxide. Parnell's method.''—One
hundred c.c. of the liquor are treated with an excess of hydrochloric acid,

a considerable quantity of ammonium chloride solution added, followed

' C/it'iii. Ind.^ 1S82, 5, 79.
''

Z. aui^eiv. Clieiii., iSqo, 3, 2lo and 301.

- Dingl. polyl.J., 1883, 249, 168. -*

/. Soc. Chciu. hid., 1889, 8, 353.

* Chein. hi J., 1880, 3, 242.
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by excess of ammonia, and the solution boiled until all smell of the

latter has disappeared. The precipitate settles well, and may be filtered

and washed without difficulty. On washing with hot water it acquires

a deep blue colour (owing to formation of Prussian blue ?). The mixture

of SiOo, Al.,03, and Fe^Og is ignited and weighed.

9. Carbonating Test.—A considerable volume of the vat liquor is

carbonated bypassing a current of carbon dioxide through it, and filtered.

The filtrate is evaporated to dryness and the residue te.sted for alkalinity,

sodium sulphate, and sodium chloride.

An example of the method of calculating the results and of the

practical conclusions to be drawn from the data obtained, is given in

Lunge's SiilpJutric Acid (ind Alkali, vol. ii., p. 628.

3. Carbonated Liquor.s

These are examined in the same way as vat liquor. The contained

bicarbonate is estimated in addition. The estimation of carbonic acid is

performed most accurately and quickly by the Lunge and Marchlewski

method as modified by Lunge and Rittener ^ (p. 153), which is equally

applicable for very large and for very small amounts of carbonic acid.

Failing the apparatus necessary for this method, approximate results,

sufficiently accurate for all practical purposes, may be obtained as follows.

The carbonated liquor is titrated cold, using phenolphthalein as

indicator with JSfj^ hydrochloric acid until the red colour disappears,

observing the precautions given on p. 73, especially cooling to nearly
0°. The other conditions, high concentration and a large percentage

of sodium chloride, are present at the start and are brought about during

the titration respectively. Methyl orange is then added and the

titration continued until the change to pink occurs. If a c.c. of A75
hydrochloric acid have been taken for the first titration, and b c.c. for

the second, then the number of c.c. corresponding to the constituents of

the liquor are: b— a for the bicarbonate, 2a for the alkali present as

Na^COg, and a-\-b for the total alkali. The ratio of bicarbonate to

carbonate can thus be readily calculated.

Other methods for determining bicarbonate are described under
" Bicarbonate "

(p. 467).

The mother liquors resulting from the manufacture of soda crystals

are examined in the same way as carbonated liquors.

4. Soda Mother Liquors

Appreciable quantities of sodium sulphite and thiosulphate may
occur in these liquors, in addition to sodium sulphide, especially when
they are derived from non-carbonated liquors.

^ Z, aiigeu: Chem., 1906, 19, 1849.
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The estimation of sulphide-sulphur is generall)' carried out by

expelling the sulphuretted h}-drogen with acid and absorbing it by a

suitable reagent. The detailed communications of Marchlewski^ and

of Jannasch- give full information on this method.

The determination is best made in a flask provided with a tap

funnel reaching nearly to the bottom, and with an exit-tube connected

with one or two ten-bulb tubes (Fig. 127), filled with ammoniacal

hydrogen peroxide, either free from sulphuric acid or in which the

quantity of sulphuric acid present is known. The material is introduced

into the flask ; in the case of a solid it is covered with well-boiled

water, and after the air has been expelled from the apparatus by a

rapid current of hydrogen, hydrochloric acid, diluted with an equal

volume of \\ell-boiled water, is sloA\ly admitted through the funnel.

The solution is finally raised to gentle boiling, and hydrogen passed

through for fifteen minutes. The contents of the receiving tubes

are then heated to boiling to complete the oxidation, acidified with

hydrochloric acid, and the sulphur precipitated as barium sulphate.

Sodium hydroxide solution, free from sulphate, may be employed
instead of the ammoniacal hydrogen peroxide, and the absorbed sulphur

gases converted to sulphate b}- treating the solution with hydrochloric

acid and bromine water and boiling until the excess of bromine has

been expelled. The h)-drogen employed must be washed by an alkaline

solution of lead acetate and then with water.

Instead of the above absorbents A\ 10 iodine solution may be em-
ployed, the first bulb-tube being filled with this solution, and the second

with an equal volume of A^'io sodium thiosulphate solution, to catch

any iodine carried forward. The two solutions are combined at the end

of the experiment, and the excess of thiosulphate determined by
titration. The sulphuretted hydrogen corresponding to the iodine

taken up is calculated from the equation :

—

R,S + T = 2HI + S.

The presence of carbonate in the liquors does not interfere in

any of these methods, but sulphites and thiosulphates will lead to error,

owing to the liberation of sulphur dioxide.

The following method^ is well adapted to the rapid estimation of

sidpJiide, snlpJiatc, sulpJiite, and thiosulphate, when present together in

solution.

I. The sulphate originall}' present is determined in one portion of

the liquor. The air in the flask used for precipitation is first displaced

by carbon 02dde, to prevent oxidation of the lower sulphur compounds
present, the solution heated to boiling, acidified with hydrochloric acid,

and the sulphate precipitated by addition of barium chloride.

1 Z. anal. C/ieui., 1893, 32, 403. " Z, a)iorg. C/iem., 1896, 12, 124, 134, 15S.

" Grossmann, Z. anal. Cheni,, 1889, 28, 79.
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2. A second portion is acidified with acetic acid, diluted with air-

free water, and titrated with iodine, using starch as indicator. This
gives the Na^S + Na^SOg+Na^SoO^.

3. A third portion is treated with cadmium carbonate to remove the

sulphide, filtered, the filtrate acidified with acetic acid and titrated with
iodine. This gives the Na.,S03 ^^'^^ ^^-i^i^s present. The difference

between the readings obtained under 2 and 3 gives the Na.,S.

4. A fourth portion is oxidised by bromine water or bleaching-

powder solution (p. 427), and the total sulphate estimated. From the

value so obtained, the sulphate found under i and the sulphate

corresponding to the sulphide present are deducted. If B represents

the remaining sulphate, expressed in g. Na^SO^, and derived from the

sulphite and thiosulphate, and A the total sulphite and thiosulphate

found in test 3, the Na^S^Oo present = (0-741784 6 — 0-414698 A) g.

and the Na^SOg = (0-661417 A — 0-295775) g.

Kalmann and Spiiller^ give the following process based on the

behaviour of barium sulphite and barium thiosulphate towards water,

the former being practically insoluble, whilst the latter is soluble in a

large volume of water.

(a) The total alkalinity is determined in a measured volume of the

solution by titration with normal acid, using methyl orange as indicator.

The acid required corresponds to the sum of the sodium carbonate,

sodium sulphide, sodium hydroxide, and half of the sodium sulphite

present, since Xa.SO^ reacts alkaline and XaHSOo neutral towards
methyl orange (p. 65).

(d) An equal volume of the liquor is acidified with dilute acetic acid

and titrated with iV'io iodine after the addition of starch solution.

The iodine used corresponds to the sum of the sodium sulphide, sodium
sulphite, and sodium thiosulphate present.

(c) A portion of the solution, double the volume of that employed in

each of the tests i and 2, is treated with a solution of an alkaline

zincate, to precipitate the sulphide, and made up to a definite volume.

One-half of this is then filtered off, acidified with acetic acid, and titrated

with A710 iodine solution and starch. The iodine used corresponds to

the sodium sulphite and sodium thiosulphate.

{d) Excess of barium chloride is added to a larger portion of the

liquor—three or four times that used in test i—the solution made up to

a definite volume with well-boiled water, the precipitate allowed to

settle, and the solution then filtered.

(a) One-third or one-quarter of this solution is titrated with normal
acid, the volume required corresponding to the sodium hydroxide and
sulphide present.

(/3) A second one-third, or one-quarter, is acidified with acetic acid

1 Dingl.polyt.J., 1887, 264, 456.
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and titrated with Ayio iodine solution. This gives the sulphide and

thiosulphate present.

The calculation is as follows :

—

b-dfi = A c.c. A^jio iodine solution, corresponding to the Na.^SOg

h-c = B ,, „ „ Na."s

dft -{b-c) = C „ „ „ Na[,So03

da- i/io B = D ,, normal acid,
,,

NaOH
I-(r/a-i/20 A) = E „ ,. „ NaXOg

The following method for the estimation of sulphite and thio-

sulphate, when present together, is due to Kalmann.^ In the reaction

Na^S03+l24-HgO = Na.3SO^+ 2HI, acid is produced; in the reaction

2NaoS.,Oo+Io = Na.^S^O,;+2NaI, the solution remains neutral. The test

is therefore carried out by allowing the solution to be examined to flow

from a burette into a measured volume of iodine solution until this is

just decolorised, then adding methyl orange and titrating the acid

formed in the iodine titration by A^jio sodium hydroxide solution.

The iodine equivalent of the sodium hydroxide used gives the sulphite,

and the difference between this and the total iodine taken corresponds

to the thiosulphate. This method of testing is, of course, only appli-

cable in the absence of carbonate or after any carbonate present has been

exactly neutralised, which is not always easily accomplished.

Dobriner and Schranz - state that only Na^S and NaSH, or Na^S and
NaOH, and not all three substances, can exist together in solution, and
that this should be taken into account in calculating and stating the

results of analysis.

Autenrieth and Windaus ^ separate sulphite and thiosulphate by
addition of strontium nitrate, which precipitates the sulphite but leaves

the thiosulphate in solution. According to experiments carried out

in Lunge's laboratory by Bruhns, the method gives useful if not quite

accurate results, and it may therefore be recommended, more especially

as it affords a direct separation of the two substances.

Feld ^ describes the following process for estimating sulphur in all

stages of oxidation, the method being more particularly intended for

liquors containing compounds of the alkali earths. Free sulphur, which

may be dissolved in the thiosulphate or polysulphide present in the

liquors, is extracted by carbon bisulphide and separated from this solution

by distillation. The sulphuretted h}drogen is then driven off by
distilling the liquor with magnesium chloride in a current of carbon

dioxide (which makes the reaction quantitative) and collected in Njio
iodine solution. For this test three absorption vessels are employed

;

two filled with iodine solution, and the third with Njio thiosulphate

1 Ber., 1887, 20, 568. 3 Z. anal. Chem., 1898, 37, 291.

- Z, ange%v. Chem.^ 1896, 9, 455. * Cbenu Ind., 1898, 2i, 372.
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solution to retain any iodine carried forward by the gas. The
sulphuretted hydrogen liberated may arise from monosulphide,
polysulphide, or sulph3-drate. Should polysulphide be present, sulphur

separates out during the distillation with magnesium chloride, and is

subsequently extracted from the residue by means of carbon

bisulphide ; should sulphite also be present, a portion of the poly-

sulphide sulphur may combine with this to form thiosulphate. The
residual liquor from the distillation is oxidised by the addition of iodine

in excess, w^hich liberates sulphur from any sulphide of iron present,

according to the equation :

—

2FeS + 3H,0 + 61 - Fe^ + 2S + 6HI.

The liberated sulphur is extracted with carbon bisulphide as before.

The thiosulphate, or rather the resulting tetrathionate, is decom-
posed by distilling the residue from the previous operation, or

a fresh portion oxidised by iodine, with aluminium and hydrochloric

acid, and collecting the ' sulphuretted hydrogen evolved in iodine

solution, as above. The conversion of the tetrathionate to sulphuretted

hydrogen is quantitative, but additional sulphuretted hydrogen will, of

course, be produced from any other polythionates present. Sulphurous

acid is estimated by treatment with excess of mercuric chloride, which

decomposes all the sulphur compounds with the exception of sulphite,

followed by distillation with hydrochloric acid, and collecting the

liberated sulphur dioxide in iodine solution.

Browning and Howe^ dissolve o-i g. of the material in 10 or more
c.c. of water, add potassium or sodium hydroxide or ammonia solution

until the reaction is faintly but distinctly alkaline, then excess of zinc

acetate, and filter. The precipitate is examined for sulphide by addition

of acid. Acetic acid is added in slight excess to the filtrate, followed

by barium chloride, and the solution again filtered through a double

filter paper. The filtrate is treated with iodine solution until a distinct

yellow colour is produced, and this is removed by the addition of a little

stannous chloride and hydrochloric acid. Any precipitation at this

stage indicates the presence of sulphite. The filtrate is then treated

with bromine water in slight excess, and the excess removed with

stannous chloride as above ; any precipitate found arises from the

presence of thiosulphate in the original liquor.

The following method has been worked out by Lunge and J. H.

Smith."- The sulphate is determined by displacing the air in the pre-

cipitating flask by carbon dioxide, to prevent oxidation, heating the

solution, acidifying with hydrochloric acid, and precipitating with barium

chloride. A second portion is diluted with air-free water acidified with

acetic acid, and titrated with Njio iodine solution. A third portion,

^ C/iein, News, 1898, 78, 213. - C/ieiii. hid., 1883, 6, 301.

2 E
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four times as large, is treated with zinc acetate or cadmium carbonate

to remove the sulphide, made up to a definite volume, allowed to settle,

and a quarter of the solution taken for each of the following determina-

tions : (i) iodine equivalent = M
; (2) treatment with permanganate

solution of strength W (determined according to the equation

:

3Na,S,03+ 8KMnO,+ H,0-3Na,SO,+ 3lCSO,+ 8MnO,+ 2KOH) in

considerable excess, and without acidifying. This treatment is carried

out by allowing the liquor to flow into the permanganate solution,

then adding an acid solution of ferrous sulphate, and finally titrating

back the excess of this with permanganate. If the net quantity of

permanganate used be called N, the thiosulphate sulphur S, and the

sulphite sulphur s, then :

—

S - 1/7 (8WN- 0.0064 M)
s = 2WN-2S.

The quantity of sulphide present is found by deducting the value M
from the figure for the original iodine titration.

This process has been further tested by Lunge and Segaller ^ and
found to give exactly the same results as are obtained by the method
proposed by Richardson and Aykroyd,- who had, through incorrect

manipulation, stated that the Lunge-Smith method was inexact.

Richardson and Aykroyd estimate the sulphate by precipitating cold

with barium chloride after addition of tartaric acid ; a second portion

is treated with iodine, and the acid produced by interaction with the

sulphite, titrated with methyl orange as indicator, exactly as described

by Kalmann (p. 422). The sulphide-sulphur is estimated in the ordinary

manner,

Dupre and Korn^ propose to decompose sodium sulphite by boiling

with sodium acetate and potassium chlorate in acetic acid solution

;

the thiosulphate remains unaltered under this treatment. Lunge was
unable to obtain satisfactory results by this method.

A very complete summary of the numerous earlier investigations on
the action of potassium permanganate on thiosulphate, supplemented by
further experiments, has been made by Dobbin,^ from which he has drawn
the following conclusions. When neutral solutions of thiosulphate and
permanganate react in the cold, there results a dark brown, flocculent

precipitate of variable composition, the solution remaining neutral. The
quantity of permanganate necessary to produce a permanent coloration is

less than that indicated by theory, assuming the thiosulphate to be

oxidised to sulphate, and the permanganate to be reduced to manganese
dioxide. The brown precipitate always contains manganese in lower

stages of oxidation than MnO^, in varying quantity, together with traces

1 /. Soc. Client. Jiid., 1900, 19, 221. ' Z. aiigew. Cheiii., 1902, 15, 22$.
- Ibid., 1896, 15, 171. »/, Soc, C/icin, Iiid., 1901, 20, 212.
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of sulphur compounds. The solution separated from this precipitate

ahva}-s contains tetrathionate in addition to sulphate, and complete

oxidation to sulphate cannot be effected even after prolonged boiling

;

other sulphur compounds do not appear to be present.

In view of these results, it would appear that the accuracy of all the

earlier methods for the separation of the various sulphur compounds
must be called into question.

Dobbin confirms the statement, frequently lost sight of, that barium

sulphate is not altogether insoluble in the presence of thiosulphate, and

that when the latter is present the sulphate determination is inexact.

The total sulphur and total oxidisable sulphur in soda mother

liquors are also alwa\'s estimated {cf. p. 436).

5. Vat Waste

Vat or tank waste must always be examined as a check on the

lixiviation process, some idea as to the completeness of which can be

gauged from the external appearance of the waste.

Thoroughly extracted alkali waste may be recognised as such by its

appearance, and analysis is usually in accord with the conclusions

formed. It forms a uniform mass, neither slimy nor too coarse, of

blue-grey to black-grey colour, and contains very few pieces as large

as peas, the greater proportion being of small size. Even the larger

pieces should readily yield to pressure. The presence of coarse hard

pieces of the size of, or larger than, hazel nuts in the waste indicates

poor lixiviation, and points to a considerable loss of soda.

Whatever the appearance of the waste, a chemical examination is

essential. If it be not intended to recover the sulphur, an estimation of

the available alkali is usually considered sufficient ; a test of the total

alkali is made in addition from time to time. If the sulphur is to be

recovered, the further determinations of oxidisable and total sulphur

must always be made, although different methods of testing may be

adopted according to the nature of the process in use.

A. The Hon-oxidised Alkali Waste.

One or two samples are taken each day from the heaps of fresh

waste, and placed in large, wide-necked, glass-stoppered bottles, the

samples being as far as possible representative of the bulk. In the

early days of the industry the samples were exposed to the atmosphere
until dry, and all estimations were made on the air-dried waste. Work-
ing in this way very variable results were obtained, according to the

extent of oxidation undergone by the waste. Now the waste is always

examined in the moist condition and the results calculated on this basis.

The percentage of water may be taken in round figures as 40 ; it is.
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however, estimated directly when necessar}". The constituents usually

estimated are available and total soda, oxidisable and total sulphur.

1. Available Soda.—The earlier work of Lunge ^ is now out of date,

and Watson's- modification of Lunge's method is generally employed.

Twenty g. of the waste are well stirred with from 1 50 to 200 c.c. of

warm water and allowed to stand for one hour ; at the end of this time the

clear liquor is decanted off and treated for five minutes with a current

of carbon dioxide. On passing the gas the solution becomes at first

cloud}', but it clears later on as bicarbonate is formed and sulphuretted

hydrogen evolved. This affords an indication that the whole of the calcium

has been converted into bicarbonate. The solution is then evaporated

to half its bulk or less, filtered from calcium carbonate, and the filtrate

titrated with normal acid, using methyl orange as indicator. The filtrate

still contains calcium compounds, but only in the form of sulphate or

other neutral salt, which exerts no appreciable influence. Watson found

by this method only 0-025 per cent, of soluble soda as an average of a

series of analyses extending over a year.

2. Total Soda (including insoluble sodium compounds ; Lunge's

method).— 17-71 g. of waste are heated in a porcelain or iron dish with

sulphuric acid of sp. gr. 1-5 until the waste is thoroughly disintegrated

and the mixture has been transformed into a stiff paste, when it is

evaporated and all free sulphuric acid driven off by heating. Hot water

is added to the residue, which is broken up with a wooden spatula and

transferred to a 250 c.c. cylinder. Pure milk of lime (prepared from

ordinary slaked lime b\' pouring off the first alkaline aqueous extract) is

added to neutralise the free acid and precipitate any magnesia present,

the cylinder filled to the 250 c.c. mark and the liquid allowed to settle.

Fifty c.c. of the clear solution are pipetted off, treated with 10 c.c. of

saturated barium h}'droxide solution, filtered through a dry filter paper,

and 50 c.c. of the filtrate treated with carbon dioxide till all the baryta

is precipitated and, after filtration, titrated with normal acid. Each
I c.c. of normal acid corresponds to i per cent. Na.,0 when the above

quantities are taken, this factor including allowance for the volume of

the waste.

3. Total Sulphur.—Two g. of the waste are treated with excess of

strong bleaching powder solution and h}-drochloric acid, to convert all

sulphur to sulphate, the mixture filtered, and the sulphate determined

by addition of barium chloride to the filtrate. Care must be taken that

the solution smells strongly of chlorine after the oxidation.

4. Oxidisable Sulphur.—This is arrived at b)- difference, by estimat-

ing the sulphur originally present as sulphate in the waste and deducting

the value so obtained from the total sulphur obtained under test 3. Two
1 Chetn. hid.^ i88i, 4, 372 ; Z. angetv, C/ieni., 1890, 3, 571.

-y. Soc. Cluni. hid., 1S90, 9, 1 1 07.
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g. of the waste are boiled with hydrochloric acid, filtered, the insoluble

matter washed with dilute h}-drochloric acid, the filtrate nearh- neutral-

ised by addition of pure sodium carbonate and precipitated by barium

chloride.

B. TJic Chance-Clans Sulphur Recovery Process}

1. Estimation of Sulphur present as Sulphide.—The apparatus

emplo}-ed consists of a flask fitted with a tap-funnel and gas-exit tube,

the latter being connected with an absorption vessel, such as that

shown in Fig. 127 (p. 338), charged with a solution of alkali hydroxide

and preferably connected with an aspirator. Two g. of the waste and

a small quantity of water are introduced into the flask, and hydrochloric

acid, diluted with an equal volume of water, gradually run in from the

funnel until decomposition is complete. The solution is then boiled to

drive off the whole of the gas, much water being carried forward and

condensed in the absorption vessel during the operation. When about

one-third of the water has been evaporated and the two-thirds remaining

in the flask are boiling hot, the funnel tap is opened, the apparatus

allowed to cool, and the contents of the absorption vessel transferred to

a 500 c.c. flask and made up to this volume. An aliquot part of the

solution is taken, diluted considerably with well-boiled water, neutralised

with acetic acid, and titrated with X 10 iodine solution, each i c.c. of

which = o-OOi6 g. S. ( Cf. also p. 430 for estimation of sulphide-sulphur.)

2. Sulphur present as Sulphide in Carbonated mud.—Six g. are

taken for the analysis, which is otherwise carried out exactly as under

test I.

3. Sulphide-sulphur and Carbonic acid in vat waste.—This estima-

tion is but seldom made. The apparatus required consists of a small

flask fitted with a tap-funnel and connected with a U-tube filled with

sodium sulphate, to absorb an}- hydrochloric acid that passes over, and

a sufficiently large number of calcium chloride tubes to thoroughh- dry

the gas. Beyond the drying tubes two potash bulbs are provided and

these are in turn connected with a weighed calcium chloride tube.

Two g. of the waste together with some water are introduced into the

flask and a current of nitrogen then passed through the apparatus.

(The nitrogen is best prepared from lime-kiln gas by first washing this

by bubbling through sodium hydroxide solution, then passing it through

a red-hot tube filled with copper turnings, and finally washing with alkali

hydroxide and baryta water.) The waste is decomposed by hydro-

chloric acid, the solution boiled, and all sulphuretted hydrogen and carbon

dio.xide carried forward to the absorption tubes by the current of

nitrogen, which is continued for a considerable time. The gain in

^ Cf. Lunge, Z. aiigeu: C/iem., 1S90, 3, 573. For a description of the process,, see Lunge's

Sulphuric Acid and Alkali, vol. ii., p. 867.
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weight of the potash bulbs and final calcium chloride tube gives the

weight of COo and H^S contained in the waste. The H^S is estimated

by treating the potassium hydroxide solution as described above under

test I, and the CO^ obtained by taking the difference between the two

determinations.

4. Sulphur present as Sulphide in solutions of calcium sulphide

or sodium sulphide.—Ten c.c. are diluted to 250 c.c, an aliquot

part of this diluted with a large volume of air-free water, acidified

with acetic acid, and titrated as under i. Should thiosulphate be present,

it is estimated as under 5 and deducted from the total. Should poly-

sulphide be present, only the sulphur liberated as sulphuretted hydrogen

and not that precipitated by addition of acid is shown by this method.

5. Soda, Lime, and Thiosulphate in sulphur liquors.—The total

alkalinity (CaO + NaoO) is determined by titrating 5 c.c. of the liquor

with hydrochloric acid, using methyl orange as indicator. A second

portion of 50 c.c. is treated with carbon dioxide to drive off all the

sulphuretted hydrogen (tested by lead paper), the solution boiled to

decompose the calcium bicarbonate, diluted to 50 c.c, allowed to settle,

and 50 c.c. of the clear solution titrated as above, the acid required

representing the Na.,0 present. The CaO is obtained as the difference

of the two titrations.

A further portion of the carbonated liquor is titrated for thiosulphate

by iV/io iodine solution, i c.c. of which = 0-0064 12 g. S as Na^SoOg.

The separation of the various sulphur compounds has been described

above (p. 430).

6. Lime-kiln gases.—The carbon dioxide is estimated in an}' form

of gas burette or in an Orsat apparatus (Fig. "jG^ p. 199) ; the latter

allows the ox\'gen to be determined at the same time.

7. Gas from the Gas-holder.—{a) The sulphuretted hydrogen and

carbon dioxide together are estimated as in test 6.

(/;) The sulphuretted hydrogen is determined in a wide-necked flask

of known capacity, say about 500 c.c. The flask is fitted with a double

bored rubber stopper through which pass two glass tubes, the one reach-

ing nearly to the bottom of the flask, and the second ending just below

the stopper. Both tubes are provided with taps outside the flask. The
gas to be examined is passed through the flask until all air has been

expelled; 20 or 25 c.c. of normal sodium hydroxide solution are then

admitted through one of the taps, and after thorough shaking the liquor

is poured off, the flask well washed out, and the liquor and washings

made up to a known volume. An aliquot part of the solution is then

diluted with a large volume of air-free water, acidified with acetic acid

and titrated with iodine. It is advisable to use an iodine solution con-

taining 11-46 g. I per litre, since i c.c. of such a solution corresponds to

I c.c. H.^S measured at o" and 760 mm. pressure.
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Lunge and Rittener's method {cf. pp. 153 and 514) can also be

applied to the analysis of mixtures of carbon dioxide and sulphuretted

hydrogen. The two gases are absorbed together by sodium hydroxide,

and an aliquot part of the sample then transferred to a second burette

and absorbed with i\7io iodine solution, the excess of which is titrated

back after the absorption.

8. Exit Gases from the Claus kiln.—These gases contain small

amounts of sulphuretted hydrogen and sulphur dioxide, both of which

compounds by interaction with iodine solution give rise to two molecules

of h}'driodic acid for each atom of sulphur present ; but whilst the

sulphuretted hydrogen does not cause any further increase in the acidity,

the sulphur dioxide gives rise to an equivalent of sulphuric acid. The
sum of the H.,S + S02 is consequently measured by estimating the

•quantity of iodine converted into hydriodic acid, and the sulphur dioxide

by the determination of the acidity remaining after the hydriodic acid

thus formed has been neutralised. Since, however, the passage of a

large volume of gas through iodine solution volatilises a portion of the

iodine, it is necessary to insert a flask containing sodium hydroxide or,

preferably, sodium thiosulphate solution. One or more litres of the gas

are aspirated through 50 c.c. of AVio iodine solution contained in a bulb-

tube (Fig. 127, p. 338), followed by a similar tube filled with 50 c.c. of

N\\o sodium thiosulphate solution. When the operation is finished, the

contents of the two tubes are emptied into a beaker and titrated with

N\\o iodine solution and starch; the number of c.c. required ( = ;/)

multiplied by 0-001603 gives the total sulphur present as SO.^+HoS.

The blue coloration is then removed by addition of a drop of thio-

sulphate solution, methyl orange added, and the solution titrated with

N\io sodium hydroxide. If the number of c.c. necessary to neutralise

the solution be called ;//, then (//^ -;/) x -001603 gives the quantity of

sulphur present as SO2.

IL THE AMMONIA-SODA PROCESS

RAW MATERIALS

1. Rock-salt and Brine {cf. p. 397 ct seq.).

2. Gas liquor, Ammonium sulphate, and other Ammonium salts

are treated of in Vol. II., under the section " Ammonia," and are examined
as there described.

3. Limestone {cf. p. 481).

4. Quicklime is analysed as described under Bleaching powder,

p. 483.

5. Coal '\
. r , 1 X

6. Coke J
^'-^ P- "4^ ^^'^-' P- '^"°^-
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CONTROL OF WORKING CONDITIONS

1. Ammoniacal Brine.

{a) Sodium chloride. The solution is acidified by nitric acid, and the

sodium chloride estimated by Volhard's method (p. 123), or by titra-

tion in the neutral or faintly alkaline solution as described on pp. 123

and 401.

{b) Free mid combined Ammonia. Ten c.c. of the solution are diluted

to about 100 c.c. with water and boiled in a distilling flask until all free

ammonia and ammonium carbonate have been driven off. The evolved

gases are collected in a measured volume of normal hydrochloric acid,

the excess of which is determined by titration. When this has been

done sodium hydroxide solution is added to the residue in the distilling

flask and the distillation continued until all the combined ammonia has

been liberated and absorbed in normal acid as above.

2. Bicarbonate vessels (Carbonators). — Free and combined

ammonia are determined as under i.

3. Mother liquors.

{(X) Free and combined A mmonia, as above.

(b) Unclianged Sodium chloride. Ten c.c. are evaporated in a platinum

dish, the residue ignited to drive off all ammonium chloride, and weighed.

4. Bicarbonate.

{a) Total Alkalinity {cf. p. 61 et seq.).

(b) Carbonic acid {cf. p. 429 et seq.).

(c) Moisture, determined by ignition, the carbonic acid found

under {U), and the corresponding water from bicarbonate being deducted.

5. Ammonia distillation.

(c?) Free and combined Ammonia, in the mother liquor, as above, under

I (/;).

(/;) Milk ofLime, as under Bleaching powder, p. 484.

{c) Excess ofLime in the stills. One hundred c.c. are boiled until all the

ammonia has been driven off, ammonium sulphate is then added and

the boiling continued. The ammonia so liberated corresponds to the

excess of lime present ; it is absorbed in normal acid, and titrated.

6. Lime-kiln gas.—Estimation of carbon dioxide (cf p. 438).

7. Analysis of the Finished product, as described under " Finished

Soda Products," p. 446.

III. MANUFACTURE OF CAUSTIC SODA

The methods described are restricted to those relating to the manu-
facture of caustic soda by the lime process ; the methods involved in

the Lowig process (causticising by ferric oxide), follow naturally from
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the former. The analysis of the hquors obtained in the electroI}-tic

processes are referred to on p. 443.

A. Causticised Liquor

This h'quor is examined in the same way as the vat liquors of the

Leblanc process (p. 426 ct srcj.) ; as a rule, only the specific gravity,

total alkalinit}', sodium carbonate, and sulphur compounds are estimated.

A table showing the percentage of sodium h\-droxide corresponding to

various specific gravities is given under ' Caustic Soda," p. 464.

B. Fished Salts

The fished salts from the strong liquors consist essentialh^ of mono-
h)'drated sodium carbonate and anh}-drous sulphate ; those fished from

weaker liquors contain the same two salts in the hydrated condition.

For analysis, 50 g. of the salts are dissolved in water and made up

to 1000 c.c.

1. Total Alkalinity is determined in 20 c.c. of the solution, exactly

as in the case of caustic soda.

2. Sodium chloride.—Twenty c.c. are treated with nitric acid in

excess, boiled to decompose the sulphur compounds, and filtered if neces-

sary ; after neutralising the, excess of nitric acid with sodium carbonate,

the solution is titrated with silver nitrate solution as described on

pp. 123 and 401.

3. Sodium sulphate.—Twenty c.c. are acidified with hydrochloric

acid, and hot barium chloride solution added to the boiling solution.

4. Sodium sulphate from oxidisable sulphur compounds (sodium

sulphite and thiosulphate).—Twenty c.c. of the solution are treated

with bleaching powder solution in excess, followed by hydrochloric acid,

until the solution acquires an acid reaction and smells distinctl}' of

chlorine (c/. p. 427). Barium chloride is then added and the precipitated

barium sulphate collected and weighed. From the weight so obtained

the weight of barium sulphate obtained in test 3 must be deducted.

C. Caustic " Bottoms "

Caustic bottoms are examined for insoluble matter, total alkalinity,

and sodium carbonate.

1. Insoluble matter.—Twenty g. of the sample are dissolved in

water, and the solution filtered into a 500 c.c. flask. The insoluble

matter is well wa.shed, burnt whilst still moist in a platinum crucible,

ignited, and weighed.

2. Total Alkalinity.—Fifty c.c. of the above solution are titrated
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hot with normal h}-drochloric acid, using phenolphthalein as indicator.

Methyl orange is not suitable in this case, owing to the presence

of alumina, the quantity of which ma\- amount to from 2 to 3 per cent.^

3. Sodium carbonate is estimated as described under Caustic Soda

(p. 466).

D. Li.ME Mud

The lime mud is examined for sodium h}'droxide and sodium
carbonate, free lime, and calcium carbonate.

1. Total Soda.—Ammonium carbonate is added to the mud and

the mixture evaporated to dryness to decompose all insoluble sodium

compounds. The operation is repeated, the whole of the ammonium
carbonate driven off, the residue washed with hot water, filtered, and the

filtrate titrated for alkalinit}\ The result is best expressed in terms of

Na^O (0-03105 g. per i c.c. normal acid), although the sodium found

may originally have been present, partly as hydroxide and partly

as carbonate.

2. Caustic Lime.—The mud is titrated with normal h\-drochloric

acid, employing phenolphthalein as indicator, as described on pp. 72
and 423. Lrom the result obtained, the value found under test i, so far

as this represents sodium hydroxide, must be deducted ; no appreciable

error will be introduced if the amount to be deducted is assumed as

equal to half the value found under i.

3. Calcium carbonate.—The total calcium is determined b}- titrating

with acid and methyl orange or litmus and the caustic lime found

under test 2 deducted from the total.

IV. ELECTROLYTIC ALKALI LIQUORS

It is scarcely necessary to state that the methods of anah'sis are the

same, so far as the works tests are concerned, for both potash and soda

solutions. In the case of potassium compounds a determination of the

potassium in the finished product should, of course, be made; for this

purpose the methods described in the section "Potassium Salts "
(p. 520)

are applicable. For the sake of simplicit}' the expressions sodium car-

bonate, caustic soda, sodium chloride, etc., are to be taken to include the

corresponding potassium compounds, in cases where potassium com-

pounds form the raw materials.

The essential products found in the liquors produced in the elec-

trol}'sis of sodium chloride are:—sodium hydroxide, sodium carbonate,

sodium chloride, sodium h}-pochlorite, and sodium chlorate.

These are the same as those found in " Eau de Javel," the com-

' Lunge, Z. angew. C/ieni., 1 890, 3, 300.
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mcrcial bleaching solution in which sodium is the basis ; the proportions

are, however, quite different in the two cases. The same methods of

analysis are, however, applicable in both instances ; these are given in

the section dealing with Bleaching compounds (p. 509).

V. CRUDE FUSED SODA OF THE CELLULOSE
INDUSTRY

Lender this name ^ is understood the product which results when the

waste alkaline liquors obtained in the manufacture of cellulose from

wood or straw by the " sulphite process " are, after addition of sodium
sulphate, evaporated to dr}-ness and calcined. The product consists

essentially of carbonate, hydroxide, silicate, sulphide, sulphite and
sulphate of sodium, but contains, in addition to these, small amounts of

sodium chloride, iron oxide, lime, magnesia, and alumina. Since these

latter substances are without influence on the process, the amount
present is seldom estimated. A correct knowledge of the composition

of the crude fused soda (recovered soda) is essential to the proper

carrying out of the boiling operation, and indicates which constituents

are to be removed and which to be added for successful working. In

the earl}- days of the process this recovered soda was examined in the

same way as Leblanc black ash. Viewed from a purely qualitative

standpoint the two materials correspond fairly well, though, from a

quantitative aspect, the ratio of the various constituents differs con-

siderably in the two cases. As is well known, the solution obtained on
lixiviating black ash consists in the main of sodium carbonate together

with a fair proportion of sodium hydroxide, a little sulphate, \ery little

sulphide and still less sulphite, silicate, and aluminate ; the cyanogen

compounds, etc., ma}- be left out of account in this connection. The
crude fused soda, on the other hand, contains very large quantities of

sulphide and also marked quantities of silicate, especially in cases where
straw has been treated.

The methods emplo\-ed for the estimation of the extremel}- small

percentages of sulphide and silicate present in Leblanc liquors, although

sufficienth' exact for such purposes, are not directl}' applicable to the

anal}-sis of the wood-pulp product and, as Lunge and Lohofer- have

shown, may easily lead to wholly unreliable results. A consideration of

special importance is the fact that the separation of carbonate and

h\-droxide by means of barium chloride is quite impossible in the presence

of silicate ; thus from a solution of sodium metasilicate only a portion of

the silica (50-60 per cent.) is precipitated, even in the presence of a

1 Cf. Z. angnv. C/teni., 1901, 14, II02
; /. Soc. C/iem. Ind , 1901, 20, 1231.

- Z. aiigezc. C/iei!!., 1901, 14, 1125
; J. Soc. C/iem. Ind., 1902, 21. 70.
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very large excess of the reagent. As the result of their investigations,

Lunge and Lohofcr recommend the following method for determining

the chief constituents of crude fused sodium carbonate.

Fifty g. of the average sample are dissolved by continued shak-

ing with 500 c.c. of water free from air and carbon dioxide. Solution

is effected in a litre flask at a temperature of 45'', and the solution is

diluted to 1000 c.c. before taking portions for analysis.

1. Insoluble matter is estimated in the usual manner, as described

under black ash.

2. Alkalinity.—Twenty c.c. = i g. substance are titrated with normal
hydrochloric acid and phenolphthalein till the solution becomes
colourless, when methyl orange is added and the titration continued

until the change to red takes place. The number of c.c. required for

each of these stages is noted. The titration must be carried out in the

cold solution, and the best results are obtained if the temperature is

not much higher than o' C. {cf. pp. 73 and 429). The solution, which is

originally colourless, assumes a very faint yellow tinge when the

colour change with phenolphthalein is reached ; on further addition of

acid the solution becomes strongly yellow and milky sulphur is

deposited. The colour change with meth}'l orange is nevertheless

quite distinct.

3. Sulphide and Sulphite.—Twenty c.c. = i g. substance are diluted

to about 200 c.c. with air-free water, acidified with acetic acid and
rapidly titrated with Nlio iodine solution, using starch paste as

indicator. The sulphide present is found by deducting from the value

so obtained the equivalent of the sulphite found under 4.

As there is a risk of loss of sulphuretted hydrogen when the titration

is carried out in an acidified solution, Conroy^ recommends adding the

sulphide liquor to a measured volume of an acidified A'/ 10 iodine

solution, either until the latter is decolorised, or to use an excess of

iodine solution and titrate back with sodium thiosulphate.

4. Sulphite.-—The sulphide present is precipitated by adding a

solution of sodium zincate (prepared by adding sodium hydroxide

solution to a solution of zinc acetate until the precipitate first formed

goes into solution) to 100 c.c. of the solution, the whole made up to

250 c.c. and filtered through a dry filter paper. Fifty c.c. of the filtrate

(=1 g. substance) are acidified with acetic acid and titrated as above

with A'/io iodine solution and starch, the iodine required corresponding

to the sulphite present.

5. Silicate.—Twenty c.c. of the solution are treated with excess of

hydrochloric acid, evaporated to dryness, and the silica estimated gravi-

metrically in the usual way. One part SiOo = 2-028 parts Na.^SiO.^. It

is best to add the hydrochloric acid in an atmosphere of carbon dioxide,

^ Private communication.
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excluding air as far as possible, so that the filtrate from the silica may-

be available for the estimation of sulphate. These precautions are

necessary to prevent oxidation of the sulphuretted hydrogen and

sulphur dioxide.

6. Sulphate is estimated as barium sulphate by the addition of

barium chloride to the acidified filtrate from the silica determination.

This method is only exact provided all oxidation has been excluded

during the addition of the hydrochloric acid in estimation 5. Further,

incorrect results are obtained when relatively large quantities of thio-

sulphate^ are present, but this point has little bearing in the analysis of

wood-pulp soda, as thiosulphate is not likely to be present in the fresh

material.

The calculation of the quantities of the various constituents present is

very tedious, and occupies considerable time, if the results of the titra-

tions are each calculated directly to parts by weight of the individual

constituents. It is much easier to arrive at the results by comparing the

equivalents of the normal solutions employed, as will be evident from

the following example of an actual analysis :

—

1. Insoluble matter.

(a) 10.0039 S- substance gave 1.0856 g. residue.

(b) 10.0000 g. „ 1.0805 g- M

Weight of Ignited Residue.

(a) 1.0000 g., thus giving 0.0836 g. carbonaceous matter.

(d) 0.9904 g., „ 0.0901 g. „

2. Alkalinity in cc. iV/5 HCl.

With phenolphthalein, 49.39 ; 49.33 ; mean, 49.36 c.c.

„ methyl orange, 76.74 ; 76.74 ; mean, 76.74 c.c.

V Xa..S + Na.,SO,.

40.2^ c.c. N 10 I 1 ,, „, T
'.

J ( Mean, 40.25 c.c. .A/io I.
40.27 c.c. A/io I J

'
T

- /

4. Na.SOa,

O.JO c.c. A ,10 I 1 Af »T, T
.;, ^ ' Mean, 0.40 c.c. A/io I.

0.40 c.c. A; 10 I j
'

5. Na^SiOg.

0.0699 g. SiOo 1 AT C--/^* o-^" Mean, 0.0700 g. SiO.,.
0.0701 g. SiOo J

' ' & -

6. Na,SO,.

°-°?^^^-^1n^|Mcan,o.o;..-g.BaSO,
0.0534 g- BaSO^ J

' ^
^

.
a 4

1 C/. Richardson and Aykroyd,7: Soc: Chein. Ind., 1896, 15, 171 ; Annual Report on A ikaii^ etc.,

Worh, 1899, p. 47 ; also, Dobbin,/. Soc, Lhem. Imi., 1891, 10, 2lS.
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Calculation.

I c.c. ^V/5 HCl corresponds to 0.0106 g. Na^COg and to 0.0080 g. NaOH.
1 c.c. iV/io I

,, 0.0039 g- NaoS ,, 0.0063 g- Na^SOg.

I g. SiOo „ 2.028 g. NaoSiOg.

I g. NaJiOg „ 81.63 c.c. iY/5 HCl.

I g. BaSO^ „ 0.6089 g. Na.SO^.

The 76.74 c.c. iV/5 HCl with methyl orange correspond to the :

—

NaXOg + NaOH + Na.SiOg + Na.S + 1/2 Na.SOg present.

The 49.36 c.c. i\75 HCl with phenolphthalein correspond to the :

—

NaOH + Na.SiOg + 1/2 Na^S + 1/2 NaXOg present.

[76.74-0.10 (for 1/2 NaoSOg)]- 49.36 = 27.28 c.c. .V/5 HCl.

2 X 27.28 = 54.56 c.c. Njs HCl = Na.S 4- NaXOg.

40.25 c.c. Njio I = Na^S4-Na^,S0g.

40.25-0.40 = 30.85 c.c. iV/ioI = Na^S.

0.40 c.c Xjio I = Na^SOg.

54.56-^9:15 ^ ._^,6_^ ^.c. iXJs HCUNaXOg.

49.36-27.28 = 22.08 c.c. Njs HCl = NaOH4-Na.Si03.

I g. substance, therefore, contains :

—

NaoCOg = 34.64x0.0106 = 0.3672 g.

NaoSiOg = 0.0700x2.028 = 0.1420 g.

(= 11.59 c.c. ^V/5 HCl)

NaOH = (22.08 - 11.59) X 0.008 = 0.0839 g.

Na.^S = 39.95x0.0039 = 0.1554 g.

Na^SOg = 0.40 X 0.0063 = 0.0025 g-

Na._,SO^ = 0.0535x0.6089 = 0.0326 g.

Insoluble matter = Residue-Mo = 0.1081 g.

(of which the carbonaceous matter = 0.0086 g.)

VI. FINISHED PRODUCTS OF THE SODA INDUSTRY

The various products of the manufacture arc : soda ash, soda cr}-stals,

crystal carbonate, caustic soda, and bicarbonate, together with an inter-

mediate product known as caustic ash ; the method of anah^sis of the

last does not call for special comment.

The individual products vary somewhat in their properties accord-

ing to the method of manufacture followed in their preparation. Thus,

for example, a non-carbonated ash made by the Leblanc process may
contain both caustic soda and sodium sulphide whilst the presence of

these compounds is practically impossible in the product of the ammonia-

soda process. The chief impurity of Leblanc soda, according to per-

centage, is sodium sulphate, whilst in ammonia-soda the chief impurity

is chloride. Commercial bicarbonate prepared by the ammonia-soda
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process may contain a small percentage of ammonia, whilst in bicarbon-

ate prepared from soda crystals, ammonia is never present. Generally

speaking, however, the same methods are adopted for the examination

of any individual product, irrespective of its origin. Any special char-

acteristics of importance dependent on the process of manufacture will

be referred to in the description of the methods of analysis employed.

Special attention should be paid to the methods of sampling given

on p. 13.

A. Soda Ash

This product consists essentially of sodium carbonate, but it may
contain as impurity, small quantities of other sodium salts together with

alumina, ferric oxide, water, etc.

Chemically pure sodium carbonate^ contains 58-53 per cent. Xa.^O,

and 41-47 per cent. CO.,, and has a specific gravity of 2-5. Various

values have been found for the melting-point by different observers
;

Carnelly gives 814', le Chatelier 810', Victor Meyer 849'; the earlier

determination of 1098', due to Victor Meyer and Riddle, has been shown

to be incorrect. On fusion, a small quantity of sodium oxide is formed,

and at a yellow heat the loss of carbon dioxide may rise to i| per cent.

This loss on heating is inconsiderable at temperatures below the melting-

point and may be altogether obviated by heating in a current of

carbon dioxide. No loss occurs below a temperature of 300" (if. p. 85).

The first of the following tables gives the percentage content corre-

sponding to the various specific gravities of solutions of pure sodium

I. Specific Gravity of Solutions of Sodium Carbonate
at 15' C. = 60 F.
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carbonate, together with the corresponding percentage of decah}ch'ated

sodium carbonate, and the weight of sodium carbonate, anhydrous and
hydrated, contained in i cubic metre of solution at 15' C. The data

(at 15 ) are calculated by Lunge from Gerlach's determinations. The
second table gives corresponding data for degrees Twaddell, the per-

centage content of Xa,0 and of Na.,C03, and the content of these per

cubic foot of solution. The third table (at 30 ) is based on Lunge's

own determinations, and deals with the stronger liquors which frequently

occur in practice and which can only exist above the ordinary atmos-

pheric temperature.

2. Specific Gravity of Solutions of Sodium Carbonate in degrees
Twaddell at 15 C = 60 F.

TwaddeU.
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almost equal accurac}' the percentage of solid matter, that is, sodium

carbonate plus impurities, in ordinary vat liquor (cf. p. 426),

3. Specific Gravity of Concentrated Solutions of Sodium Carbonate
at 30 C. = 86^ F.

Specific
Gravity
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A very thorough investigation of the specific gravities of solutions

of sodium carbonate and of sodium hydroxide has been published by

R. Wegscheider and H. Walter;^ the results differ but slightly from

the figures given above up to the third decimal place.

The chemical analysis of commercial soda ash is generally confined

to the determination of the available alkali or alkalimetrical degree

;

a complete analysis is, however, made from time to time as a check

upon the process.

Estimation of the available Alkali of Soda ash.—The method

generally used is as follows: 26-50 g. of soda ash are weighed off in a

small beaker and dissolved b}- boiling with water in a larger vessel.

The solution, together with the small amount of insoluble matter, is

transferred to a 500 c.c. flask, made up to this volume, well shaken and

filtered, if necessary, through a pleated filter paper covered by a watch-

glass. Fifty c.c. of the filtrate are then titrated with normal h}'dro-

chloric acid and methyl orange. For an ash containing 98 per cent.

Na.,C03, 49 c.c. of normal acid (i c.c. = 2 per cent.) will be required for

the titration.

In the method adopted by the German alkali manufacturers, the

ash is always ignited before determining the percentage of alkali and

the results calculated on the ignited material ; this gives the only

satisfactory results. 2-6525 g. are taken for the analysis, dissolved in

water, and the solution titrated directly without filtering. Each i c.c.

of normal acid corresponds to 2 per cent. NaoCO^.

If the readings are made to -^^ c.c. in a 50 c.c. burette gradu-

ated in iV c.c, as may very readily be done in the manner described

on p. 49, the error in the reading will not exceed 0-05 per cent.

Na,COo.

A normal solution of h}-drochIoric acid is employed, containing

36-46 g. HCl per litre, standardised both b}- means of chemically

pure sodium carbonate and by silver nitrate (if. p. 83). Litmus

solution or phenolphthalein may be used as indicator, but in each

case prolonged boiling is necessary ; it is much more convenient and

accurate to titrate cold, with meth}-l orange as indicator (cf. pp. 60

and 65).

It will be noted that in the method generally adopted here, the

alkalinity is determined in the solution only, whilst in the German
method the alkalinity due to calcium carbonate, magnesium

carbonate, ferric oxide, etc., in the insoluble matter is included in the

total. This does not, however, cause any appreciable difference, at all

events in the case of ammonia-soda, in which the total insoluble matter

(inclusive of sand, carbonaceous matter, and other substances not

affecting the alkalinity) does not exceed -} per cent.

1 Monais/i., I go 5, 26, 685 ; 1906, 27, 13.
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As the whole of the weighed substance is titrated dircctl\- in the

German method, any error due to relative inaccurac}- in the content

of the pipette and measuring flask is avoided.^ ^
Various methods are in vogue of stating the results of the titration,

i.e. the strength of the ash. In the scale proposed by Gay-Lussac, the

strength is expressed in terms of available soda, under which all the

substances present which react with normal acid, such as carbonate
hydroxide, silicate, and aluminate, are included. Chemically pure
sodium carbonate contains 58-53 per cent. Na^O, and would thus corre-

spond to 58-53 degrees Gay-Lussac. These degrees are generally

referred to as "English" or "Newcastle degrees," which, however, o-ive

the commercial strength always higher than the real value, as the

former is based on the assumption that the chemical equivalent of

XaXOg is 54, instead of the true value, 53-05. That is, the com-
'

mercial percentage of XaoO is higher than the actual percenta^-e in

the ratio of 31-4 to 31. A scale known as the "Liverpool test "was
formerly in use in Lancashire ; it was an altogether erroneous method
of statement, and is hardly ever employed now.-

In Germany, the " degrees " indicate percentage of XaX03, which
is rational as applied to sodium carbonate itself; but the scale is also

applied to all other sodium compounds, such as caustic soda, which act

upon the test acid, and the strength is accordingly quoted in terms of a

substance which occurs only as an impurity in the caustic alkali. The
scale is, however, in general use commercially.

In France and Belgium, soda compounds of all kinds (also potash,

baryta, etc.) are quoted on a basis similar to Gay-Lussac degrees, that

is, according to their titrimetric value, leaving out, however, all reference

to the particular alkali, whether sodium hydroxide, sodium carbonate, or

potassium carbonate. The scale employed is that of Descroizilles, and
the degrees indicate the quantity of sulphuric acid monohydrate (H.^SO^)
neutralised by 100 parts of the alkali examined. Since 10 parts of
chemically pure sodium carbonate are equivalent to 9-245 parts H0SO4,
the standard acid is prepared in such a way that 92-45 half cubic centi-

metres (so-called "divisions") will exactly neutralise 5 g. of pure sodium
carbonate

; or, in other words, the standard acid contains exactly 100 g.

H^SO^ to the litre. The " Descroizilles sulphuric acid " is prepared by
adding about 3150 c.c. of concentrated sulphuric acid to 50 litres of

water, and standardising, as described on p. 86.

The following table (p. 452) shows the relationship between the
English, German, and French degrees, and is applicable to sodium
hydroxide and all soda products.

^

1 Cf. Lunge, Sulphuric Acid and Alkali, vol. ii., p. loo ; also under "Insoluble Matter'' in

this section (p. 455).

.
- Ibid., p. 105, and vol. iii., p. 819. ,*""--



452 THE MANUFACTURE OF SODIUM CARBONATE

English, German, and French Commercial Alkalimetric

Degrees.
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Bockmann has drawn attention to the importance of ahvays stating

the results of the determination of the available alkali of soda ash on

the dry material, so as to avoid disputes that may arise from any

absorption of moisture that may have taken place during storage.

When exposed to the air, soda ash takes up moisture fairly rapidly, and

may absorb up to lo per cent, whilst the loss on ignition of a soda ash

properly handled in drawing from the calcining furnace and in packing, is

always less than o-i per cent. For this reason, it is certainly desirable

that the results should be expressed on the dr}- substance as well as on

the sample as received.

General Examination of Soda Ash

Under this heading the following estimations are included, in

addition to the alkalinity determination : specific gravity, clearness of

the aqueous solution, degree of fineness, matter insoluble in water,

oxide of iron, and proportion of sodium chloride and sodium sulphate.

I. Specific gravity or Density (Bockmann).—The term specific

gravit}', or more correctl}- density, when applied to soda ash, does not

mean the actual specific gravity as dietermined in the pyknometer, where

the intervening space between the various particles of the ash is filled

with some liquid, such as benzene, which does not exert a solvent

effect. Such a determination is of no practical value, as under these

conditions all samples of soda ash, no matter what the method of

manufacture, would give approximately equal values, since the impurities,

which are only present in small amounts, and do not differ greatly in

specific gravity from the soda ash itself (in round figures, Xa.,COo, 2-5
;

Xa._,SO^, 2-6; NaCl, 2-1) have but little influence.

It is, however, necessary for many purposes to be able to express

in figures the " bulkiness " of the ash, a property depending on the

method of manufacture and grinding adopted. The expression refers

only to the cubic weight, that is, the weight of soda ash which can be

closely packed into a vessel of definite capacity.

Bockmann recommends for this determination a strong c\'lindrical

glass vessel, prepared by cutting off the upper part of a specimen bottle

and grinding the edges of the lower part until the capacity is as nearly

as possible ICXD c.c.^ It is not essential that the capacity should be

100 c.c, but the employment of a vessel of this size saves a considerable

amount of calculation. Any value lying between 99-5 c.c. and 100-5 c.c.

may be regarded as representing 100 c.c. for this determination. If, for

example, the weight of ash filling such a vessel be 102 g., then the "cubic

weight" will be 1-03, i-02, i-oi respectively, according as the capacity

^ Special bottles for " cubic weight " determination of this capacity are made by Desaga,

Heidelberg.
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is taken at 99-5, loo-o, or 100-5 \ that is, a margin of ±0-5 c.c. is allowed.

The capacity of the vessel to within o-i c.c. and its weight to within

o-i g. are determined once for all, and both values are etched on the

glass. Any similar vessel may of course be used, or even a small strong

beaker (without lip) of suitable size, though this is rather apt to get broken.

The ground and dry ash to be examined is filled into the vessel in

about six separate portions, the glass being tapped on the table

after each addition in order to pack the soda as closely as possible

Finally, the ash standing above the top of the vessel is removed by

sliding a small glass plate over the rim, after which the vessel and soda

are weighed on a balance turning to o- 1 g. The density obtained is

calculated to the second decimal place. The results agree to within

two units in the second decimal place ; it is thus unnecessary to weigh

to nearer than o- 1 g.

Concordant results can only be obtained by this method by filling

in the ash in small quantities at a time and tapping the glass after each

addition, until the particles are thoroughly packed together so that a

finger-nail does not make an impression in the mass.

If the ash is filled into the vessel without pressure and tapping, the

results are quite different to those obtained by the above method, but

they are concordant amongst themselves and are consequently equally

applicable in practice. This alternative method is more suited as an

empirical test to be used in the packing-room. The vessel may con-

veniently consist of a box made of well-seasoned wood and having the

internal dimensions 40 x 25 x 20 cm., corresponding to a capacity of 20

litres, or similar suitable dimensions to give a capacity of i cubic foot.

The soda ash is filled in with a clean wooden spade, care being taken

to disturb the box as little as possible in introducing the material. The
excess of ash is carefully removed by drawing a straight piece of wood

over the top of the box, which is then weighed. The weight of the ash

X 50 gives the weight of ash per cubic metre.

Another plan for determining the density is to use a metal cjdinder

about 8-5 cm. high and 3 cm. diameter, filed down so as to hold 62-5 c.c.

of water. The weight in grams of ash that fills a vessel of this capacity

is also equivalent to pounds per cubic foot, as i g. per 62-5 c.c. = i lb.

per cubic foot.

Soda ash may be divided into three grades, according to the

density—"light" (density o-8 to i-o), "medium" (about i-o to 1-25),

and "heavy" (about 1-25 to 1-50).

2. The Clearness of the Aqueous solution (Bockmann).—The
examination of the solution for turbidity is made by dissolving 25 g.

of the ash in 500 c.c. of warm water in a beaker, and com.paring the

solution, after cooling, with a standard solution prepared in a similar

manner.
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The solutions obtained from ammonia-ash are relatively very

clear, on account of the great purity of the product ; this point is of

advantage in colour and similar works. It will, of course, be under-

stood that a commercial product like soda ash always contains traces of

impurities and that a perfectly clear solution is not to be expected.

3. The degree of Fineness (Bockmann).—The degree of fineness

attained in the grinding is only determined in the case of a very heavy
ash containing a corresponding proportion of coarser particles, and
only then, as a rule, when there is reason to suppose that the grind-

ing has been insufficient. For the determination, 1000-1500 g. of

the soda are sieved through a sieve of 35 cm. diameter and 2 mm.
mesh, and the coarser particles remaining on the i^ieve weighed. The
amount of the residue should not exceed 5 per cent, of the sample
taken.

4. Insoluble matter (Bockmann).— Fifty g. of the sample (or 100 g.

in the case of a very pure sample) are weighed off in a large beaker on
a balance turning too-i g. and sufficient water added to dissolve the ash

;

the contents of the beaker are agitated gently and continuously to

prevent the formation of lumps, which would retard the solution. The
whole is then allowed to settle for from ^ to h hour in a warm place.

As a rule, the insoluble matter settles well, and when this is the case

the greater bulk of the solution can be syphoned off or decanted ; the

remainder is then filtered through a tared filter paper and the insoluble

residue well washed with hot water. The two filter papers and in-

soluble matter are dried at 100 and weighed.

To estimate the iron present in the insoluble matter,'the dried and
weighed filter is moistened with water and the oxide of iron dissolved

in warm hydrochloric acid. The acid filtrate is treated with ammonia,
and the precipitated ferric hydroxide filtered off and dissolved in dilute

sulphuric acid (i :4). The solution is reduced by zinc and then titrated

with permanganate. The titration may be made in the hydrochloric

acid .solution after reducing, diluting largely with water, and adding

manganese sulphate solution, but the end-reaction is less sharp in this

case.

5. Sodium chloride.—Two g. of ammonia-ash, or 5 g. of Leblanc

ash, are dissolved in water and nitric acid added until the solution is

perfectly neutral or ver\- faintly alkaline to sensitive litmus paper.

Potassium chromate is then added and the solution titrated with silver

nitrate solution, as described on p. 123; or the determination maybe
made in acid solution by Volhard's method (p. 123).

6. Sodium sulphate.—Five or ten g. of the sample are dissolved in

hydrochloric acid and the sulphate precipitated by the addition of a hot

solution of barium chloride to the boiling solution.



456 THE MANUFACTURE OF SODIUM CARBONATE

/ The Complete Analysis of Soda Ash

This includes, in addition to the determinations already described,

the estimation of the various constituents of the insoluble matter (sand,

carbonaceous matter, alumina, calcium carbonate, magnesium carbonate,

and ferric oxide), and the estimation of bicarbonate, hydroxide, sulphide,

sulphite, silicate, and aluminate of sodium. The five last-named impuri-

ties are only found in Leblancsoda. Such gross impurities as sulphide of

iron, ferrocyanides, etc., which were formerly met with in Leblanc ash,

need hardly be looked for to-day. In addition to the above, it is

necessary to determine the moisture, should any opportunity for its

absorption have occurred between the times of manufacture and

analysis. This may be done by drying in a desiccator over concen-

trated sulphuric acid, or with greater certainty, by drying for half an

hour at 300", or by gentle ignition {cf. pp. 83 and 447).

Before carrying out the various determinations, it is advisable to

ascertain whether sodium hydroxide, sodium sulphide, and sodium

sulphite are present or not. For this purpose, a portion of the solution

is shaken with an excess of barium chloride in absence of air, and the

filtrate tested for alkalinity by means of sensitive litmus paper. A
second portion of the alkaline solution is tested for sulphide by

means of sodium nitroprusside or lead acetate paper, and a third

portion examined for sulphite by testing whether the solution after

acidifying with acetic acid and adding starch paste will decolorise a

dilute solution of iodine.

For the analysis, 100 g. of the ash are weighed into a large

beaker, agitated with warm water until solution is complete, the

solution allowed to settle for about half an hour in a warm place,

filtered through a tared filter paper into a litre flask, the insoluble

matter thoroughly washed and the filtrate and washings made up to

1000 c.c.

1. Sodium chloride.—Twenty c.c. ( = 2 g. ash) in the case of

ammonia-ash, or 50 c.c. (=5 g. ash) in the case of Leblanc ash, are

neutralised with dilute nitric acid or dilute sulphuric acid, and titrated

with silver nitrate solution (p. 401).

2. Sodium sulphate.—Fifty c.c. (=5 g. ash) in the case of Leblanc

soda, or 100 c.c. (=10 g. ash) in the case of ammonia-soda, are

rendered slightly acid by addition of hydrochloric acid and the sulphate

precipitated in the hot solution by addition of barium chloride.

3. Sodium bicarbonate.—This can only occur in ammonia-soda,
and is present only in traces. It is estimated as described on p. 468.

At least 5 g. of the sample should be taken and dissolved without

agitation in cold water.

4. Sodium hydroxide.—This can only occur in incompletely carbon-
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ated Leblanc soda or in caustic ash. One hundred c.c. of the solution

(= lO g. ash) are taken and analysed as described on p. 424.

5. Sodium sulphide.—This is estimated by Lestelle's method/ by

titrating 50 c.c. of the solution (=5 g. ash) with an ammoniacal

solution of silver nitrate containing 13-81 g. Ag per litre and corre-

sponding per I c.c. to 0-005 g. Na.,S. The solution is heated to boiling,

ammonia added, and the silver solution run in drop by drop from a burette,

graduated in -/o c.c, until no further precipitation of the dark-coloured

silver sulphide results. To get the end-point more accurately it is

advisable to filter the solution towards the end of the titration, repeat-

ing the filtration as often as may be necessary. Working with the

above quantity of solution, each i c.c. of silver nitrate solution used

corresponds to o-i per cent. Na^S.

The silver solution is prepared by dissolving 13-81 g. pure silver in

pure nitric acid, adding 250 c.c. of ammonia solution, and diluting to

1000 c.c.

6. Sodium sulphite.—Fifty c.c. of the solution (=5 g. ash) are

acidified with acetic acid, and after the addition of starch solution,

titrated with Ay 10 iodine solution till the blue colour appears. Each i

c.c. Njio iodine solution equals 0-006308 g., or 0-1262 per cent. Na.3S03.

Or the iodine solution containing 3-249 g. I per litre, described under

black ash (p. 425), may be employed, each c.c. of which corresponds to

0-001613 g. or 0.0323 per cent. Na.^SOg. A deduction must, if neces-

sary, be made for the percentage of sulphide found under test 5, in

the ratio of 1-3 c.c. iV/io iodine solution, or 5 c.c. of the weaker solution,

for each i c.c. of the silver solution used.

7. Sodium silicate and Sodium aluminate.—One hundred c.c. of

the solution (=10 g. ash) are acidified in a porcelain dish of about i

litre capacity by the gradual addition of hydrochloric acid. The
solution is then evaporated to dryness on the water-bath and finally

dried at a higher temperature. On extraction with water, the silica

remains behind, and the alumina goes into solution ; each constituent

is then estimated in the usual way.

The determination of silica and alumina is seldom required, but when
it is necessary it is better to weigh off 10 g. of the ash and treat it

separately in a porcelain or platinum dish. This prevents any error

caused by the alkaline solution attacking the glass vessels used as

above. The silicate present in soda ash is too small in amount to

interfere with the separation of the carbonate and hydroxide {cf. p. 425).

8. Insoluble matter (Bockmann).—The filter paper through which

the solution of the 100 g. of ash has been filtered is moistened with

water and the ferric oxide, alumina, and calcium and magnesium
carbonates dissolved by addition of hydrochloric acid. The residue

1 Coinptes reiiiL, 1 862, 55, 739.
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on the filter is well washed with hot water and the filter paper again

dried and weighed, against the same paper as tare as before. This

gives the sand and carbonaceous matter. The quantity of sand

present is estimated by burning the filter paper and insoluble residue in

a platinum crucible and deducting from the weight so obtained the

ash found on burning the filter paper employed as tare ; the difference

of the above weighings gives the percentage of sand.

The filtrate containing the portion of the residue soluble in h}-dro-

chloric acid is then submitted to the so-called " complete " commercial

analysis, which consists in estimating the iron oxide volumetrically as

described on p. 380, and taking the rest of the insoluble matter as

calcium carbonate ; that is, the content in alumina and magnesium

carbonate is not taken separately into account, but is looked upon as

part of the calcium carbonate. This is sufficiently accurate for

technical purposes.

In the method of estimating the available alkali by direct titration

of the soda solution, without previous filtration (p. 450), the following

substances, if present, are determined in the titration along with the

sodium carbonate : calcium and magnesium carbonates, the sesqui-

oxides in the portion insoluble in water, sodium hydroxide, sodium

bicarbonate, sodium sulphide, sodium sulphite, sodium silicate, and

sodium aluminate. If the titration is made in the filtered solution,

any alkalinity due to basic substances in the insoluble matter is excluded.

In any case, however, the influence of these impurities, both soluble

and insoluble, plays but a small part in the titration of an average ash

whether manufactured by the ammonia or Leblanc process, provided

the product is not a poor second grade soda. For example, supposing

an ash gives on titration a total alkalinity, including that of the insoluble

matter, equivalent to 98-4 per cent. Na.^CO^ and the insoluble matter

equals 0-33 per cent., a deduction of 0-3 is made from the total and the

percentage of sodium carbonate present put down at 98-1. A 98^ soda

ash must at least consume acid equivalent to 98 per cent. Na^C03 when

the filtered solution is titrated, and the acid used may unhesitatingly be

calculated to Na^C03 for commercial purposes, since the soluble im-

purities are only present in traces and for all the important technical

applications of soda ash, with the exception of the manufacture of soda

crystals, the impurities will react in the same manner as their equivalent

of sodium carbonate.

Should it be necessary, in an exceptional case, to ascertain the real

quantity of Na.,CO.; present as accurately as possible, the sodium

carbonate equivalent to the impurities determined as above, is de-

ducted from the total av^ailable alkali. The direct estimation of sodium

carbonate, that is, of the carbonic acid content, is best made by the

gas-volumetric method of Lunge and Marchlewski (p. 149).
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A good soda ash should not contain more than 0-4 per cent, of

matter insoluble in water, nor more than about o-i per cent, insoluble

in hydrochloric acid, whilst the ferric oxide should not exceed 0-02 per

cent. The impurities present in ammonia-ash frequently fall consider-

ably below these limits.

The amount of sulphate present in ammonia-ash will not exceed

o- 1 per cent., unless it has been specially added, whilst in the best

Leblanc soda ash it may reach from J to i per cent., and in ash of low

strength may even exceed 8 per cent.

Sodium chloride is present to the extent of from I to 2h per cent, in

ammonia-ash according as it is 98 or 96 98' ash. Good Leblanc ash

contains only from ^ to h per cent. v/

9. Physical and Qualitative Tests. — Various physical and

qualitative tests may be advantageously applied to the lower grades

of ash made by the Leblanc process.^

A good quality of second grade ash should be white in colour even

when hot, not yellow or reddish, though it cannot be expected to be as

white as " refined alkali." On the other hand, a yellowish product is

often found to be better carbonated than a pure white product ; this is

the case when oxide of iron is present to any considerable extent.

Frequently the ash possesses a bluish tinge, which arises from

ultramarine or sodium manganate, either formed in the black ash or,

occasionally, purposely added. A grey colour indicates poor carbonat-

ing and calcining ; such ash will as a rule be found to contain much
caustic alkali, together with incompletely oxidised sulphur compounds.

Good ash should only show a few dark or red specks after grinding.

The proportion of sodium hyroxide should in no case exceed 2 per

cent, except in the case of " caustic ash " ; if the ash be intended for

the manufacture of soda cr}'stals, a maximum of i per cent. Xa.,0 is

frequentl}' stipulated, but it is difficult to maintain this exactl)', especi-

ally when, as in the T}-ne works, all the mother liquors are worked
up and carbonated, not by gas, but with sawdust. It is, however,

readily done when Mactear's mechanical carbonator is employed.

The ash should contain at most only very slight traces of sulphide.

Even in the case of a moderate!}- calcined and carbonated ash it

should be impossible to detect sulphide by means of lead paper, and

one drop of iodine should be sufficient to produce a blue coloration

when added to a solution containing starch and i g. of the soda ash.

An alkaline solution containing lead (sodium plumbate) acts better

than the ordinary lead paper. Ash manufactured by the Leblanc

process alwa}-s contains minute quantities of sulphur compounds of the

lower degrees of oxidation, but these can only be detected when large

quantities of the ash, e.g., 50 g. are worked upon. A second quality ash

^ cy. Lunge, Sulphuric Acid and Alkali, vol. ii., p. 684.
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may be regarded as satisfactory in this respect when the oxidisable

sulphur compounds present do not exceed o-i per cent, of sulphur;

for most purposes twice or three times this amount does no harm.

Sodium thiosulphate cannot occur in calcined soda ash, since it

would be decomposed in the early stages of calcination. Sodium sul-

phite, on the other hand, is nearly always present, though in very

small amount, in the poorer qualities of ash. Its presence may be

detected by iodine solution or other reagents {cf. p. 359).

A good second grade ash should not contain more than from i to i^

per cent, of insoluble matter ; \\ per cent, should be looked upon as a

maximum. The insoluble matter consists chiefly of calcium carbonate

accompanied by alumina and silica ; ferric oxide is only present in

traces, except in the case of an ash of reddish-yellow colour and very

bad appearance.

The moisture in freshly made ash ranges from \ to \ per cent., and

when the ash is well packed it should not rise much over i per cent,

even after some time. When the moisture reaches 2 per cent, the ash

becomes lumpy and discoloured ; as already stated, it may absorb up
to 10 per cent, of moisture if exposed to a damp atmosphere.

The two neutral salts, sodium chloride and sodium sulphate, which

are always present in soda ash, are practically without effect, prejudicial

or otherwise, in the quantities normally contained in ordinary ash ; this

does not, of course, hold when they are purposely added to reduce the

strength.

Examination of Chemically pure Sodium Carbonate

According to Krauch,^ the natrium carb. puriss. generally employed
for analytical work contains minute traces of iron, sodium chloride, and

sodium sulphate. On this account only the purest and completely

anhydrous product, natrium carb. sice. chem. pur. should be employed
for standardising solutions and other similar work. Kissling- found

Merck's natrium carbonic, sice. pulv. chem. pur. (for analysis), prepared

from natr. carbonic chem. pur. cryst., to consist only of sodium oxide,

carbon dioxide, and water; it lost 0-63 per cent. COo and 14-76 per

cent, (corresponding to i molecule) H.^O at 150 , and therefore con-

tained a little bicarbonate. According to Krauch, ordinary chemi-

cally pure anhydrous carbonate contains from 2 to 3 per cent, of

water.

The various impurities are tested for as follows.-^

* Silica. From 5 to 10 g. are evaporated with an excess of

dilute hydrochloric acid, the residue dried for some time at 100" and

^ The Testing of Chemical Reagentsfor Purity^ p. 281.

- Chem, Zeit., 1890, 14, 1 36.
'^ The tests marked * are taken from Krauch, loc. cit.
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then dissolved in a little h)'drochloric acid and about 150 c.c. of water;

the resulting solution should be clear and free from any flocculent

precipitate of silica.

* Sulplmric acid. Five g. are dissolved in 75 c.c. of water, the

solution made slightly acid by addition of hydrochloric acid, heated to

boiling, and barium chloride added ; no separation of barium sulphate

should be apparent after twelve hours' standing.

* Sodium cliloridc. The slightly acid solution of 2 g. in 20 c.c. of

water and dilute nitric acid should remain unaltered on addition of

silver nitrate.

* Arsenic. Five g. of granulated arsenic-free zinc are placed in a

Marsh generating flask of 200 c.c, capacity, dilute sulphuric acid (1:3)

added and the reagents tested in the usual way for freedom from

arsenic. Fifteen g. of the sodium carbonate are then dissolved in a

small volume of water, the solution rendered acid by addition of pure

dilute sulphuric acid added to the generating flask, and a steady slow

evolution of gas maintained for half an hour; no indication of arsenic

should occur during this time.

Soluble organic Iron conipoimds. Twenty-five g. of the carbonate

are dissolved in 100 c.c. of lukewarm water, the solution filtered

through a pleated filter paper and the filtrate treated with half its

volume of sulphuretted hydrogen water. The solution should remain

absolutely colourless and show no greenish or dark coloration after

standing for an hour. A blank test should be previously made with

the distilled water employed.

Krauch {loc. cit.) makes a general examination for heavy metals in a

similar manner : 20 g. of the carbonate are dissolved in 60 c.c. of water,

the solution made acid by hydrochloric acid, and sulphuretted hydrogen

water added ; no coloration or turbidity should result. The solution

should remain equally clear and free from green coloration after

addition of ammonia and ammonium sulphide.

* Phosphoric acid. Twenty g. of the carbonate are dissolved in

60 c.c. of water, and nitric acid added in considerable excess, followed

by a solution of ammonium molybdate. No sign of a precipitate should

appear after the solution has been allowed to stand for two hours at a

moderate temperature.

Ammonium salts. According to Krauch {loc. cit.), several grams of the

carbonate are heated in a test tube containing a piece of moistened

turmeric paper in the upper part of the tube, which is loosely closed.

One-fiftieth of a per cent, of ammonia may be detected in this manner,

whilst not less than i per cent, of ammonium salts can be recognised by
smell without the paper. Detection by smell may be made much sharper

by dissolving 10 g. of the carbonate in 500 c.c. of water, and distilling the

solution in the apparatus described on p. 311, under Ulsch's method of
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nitrate estimation, and smelling the gases evolved at the exit-tube from

time to time.

* Sodium tlnosulphate. The aqueous solution is acidified with

acetic acid (i : 50), and tested with silver nitrate. If, at the end of

several minutes, the solution onl\- shows a white opalescence (chlorine),

it may be taken that neither thiosulphate nor arsenic is present in_

appreciable quantity. A reddish or yellowish turbidity indicates arsenic,

whilst a brown or black turbidity indicates thiosulphate {cf. p. 468).

* Potassium. The yellow flame coloration produced by the

carbonate should not show any, or only a transitory red tinge when
viewed through cobalt glass or an indigo prism. According to Krauch,

even fractions of a per cent, of potassium salts are sufficient to produce

a persistent red coloration in the flame.

* Sodium liydroxidc. Traces of this impurity are best recognised

qualitatively by Dobbin's reagent, ammoniacal potassium mercury

iodide. Kissling^ gives the following method for its preparation. A
solution of 5 g. of potassium iodide is treated with a solution of mercuric

chloride until the precipitate formed just ceases to redissolve. The
solution is filtered, and i g. of ammonium chloride added to the filtrate,

which is then cautiously treated with sufficient dilute sodium hydroxide

solution until a slight permanent precipitate is formed. The solution

is finally filtered and the filtrate diluted to i litre.

To apply the test, a small quantity of the carbonate solution is

placed on a watch-glass and the reagent added ; the least trace of

h)'droxide gives a yellow coloration.

B. Soda Crystals

Ordinary soda crystals consist essentially of decahydrated sodium

carbonate, Na.,C03.ioH._,0, which, in the chemically pure state, contains

21-695 percent. Na.^O, 15-371 per cent. CO., (together, therefore, 3707
per cent. Na^COg), and 62-93 per cent. H.,0. A description of the

properties of this salt and of other hydrated compounds of sodium

carbonate containing less than 10 molecules of water of crystallisation

is given in Lunge's Sulphuric Acid and Alkali'} The most important

of these other salts is known as " Crystal Carbonate," which contains

82-0 per cent, of Na.XOg, 17 per cent, of H^O, and i per cent, of other

salts (practically Na.3CO3.H2O), but the quantity made is small when
compared with that of the ordinary decahydrated soda crystals.

Commercial soda cr}-stals seldom contain the theoretical quantit}'

of water ; either a small excess, which should not exceed i per cent.,

is present, due to the drying only being carried out at ordinary

temperature, or there is too little water, owing to weathering, from

1 Chem. Zeit. Rep., 1898, 14, 136. - Vol. ii., pp. 43 and 71 1.
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prolonged exposure to the atmosphere. Weathered soda crystals lose

considerably in appearance and this sometimes gives rise to complaint,

although the change is entirely in the buyer's favour.

The commercial product is never free from sodium chloride and
sodium sulphate. The percentage of sodium chloride should not

appreciably exceed 0-5 per cent, whilst the percentage of sodium
sulphate, the presence of which is essential for the production of hard

crystals,^ is seldom less than 1 and may rise to 2. A higher percentage

of sulphate is to be regarded as inadmissible, especialh' as it is fre-

quentl}' added as an adulterant. Commercial soda cr}-stals should test

at least 34 per cent. Na^COg by titration, allowing for all impurities
;

generally 35 per cent, will be found, and in weathered samples the

percentage will naturally be still higher. Manufacturers would gladl)'

have a margin extending down to 32 per cent., but this is not always

granted.

The estimation of the available alkali and of the impurities is

carried out exactly as described under soda ash.

Grosser impurities, such as insoluble matter, iron, etc., were fairly

frequent in the }'ellow crystals common in the early days of manufacture,

but they are seldom found in the fine, colourless, transparent crystals

which are no,v supplied. A yellow coloration may be due in part to

organic matter.

" Chemically pure crystallised sodium carbonate " (natrium carb.

cryst. chem. pur.) is examined as described on p. 460.

C. Caustic Soda

Chemically pure sodium hydroxide can only be obtained by treating

metallic sodium with water and is not prepared on the manufacturing

scale. Its properties are described in Lunge's Sulphuric Acid and
Alkali^- where Honigmann's table of the boiling points of solutions of

sodium hydroxide is also given.

The specific gravity of aqueous solutions of sodium h}droxide has

been determined by various observers. Tunnermann's determinations

(1827) v/ere made use of by Schiff (1858) for calculating a formula

connecting density with concentration and this formula was employed

by Gerlach (1867) for the preparation of his table of specific gravities

which was in general use until twent}- years ago. This table was

revised b}- Hager (1883), and an independent series of determinations

were published subsequently by Pickering^ (1894). Bousfield and

Lowry"* have recently shown that all these determinations are unreliable,

owing to the difficulty of preparing solutions of known concentration
;

^ Cf. Lunge's Sulphuric Acid and Alkali^ vol. ii., p. 704. - Vol. ii., p. 81.

3 Phii, Mag., 1894, 37, 359 ;
/. Chem, Soc, 1895, 67, 545.

•• Phil. Trans. , 1905, 204, 253.
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in every case the solutions appear to have been standardised by

titration, a method which they have shown to be inaccurate to the

extent of from o-2 to 0-3 per cent. Hager's table is in their opinion less

accurate than that of Gerlach ; they regard Pickering's relative values

for the specific gravity at different concentrations as substantially

accurate, but the absolute values as unreliable, to the exteiit of o-ooi

at 50 per cent sodium hydroxide, and roughly to a proportionate

extent at the lower concentrations.

Bousfield and Lowry^ have accordingly made a fresh series of

determinations of the specific gravity of sodium hydroxide solutions,

which is given in the following table ; the determinations were made
at 18" C, but are calculated by means of a series of temperature

coefficients to 15" also, in the original paper. The solutions were

prepared from weighed quantities of metallic sodium and the densities

determined by means of the pyknometer ; the values may be regarded

as accurate to within o-oi per cent, of sodium hydroxide, and involve

a possible error of o-oooi in the sp. gr, of a 50 per cent, solution.

Specific Gravity of Solutions of Sodium Hydroxide
at 18° €. = 64.4 F.

NaOII.
Per Cent.
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Bousfield and Lowry.^ A similar table up to temperatures of 50', but

based on the earlier determinations of specific gravity, is given in the

Alkali Makers' Handbook (p. 143).-

It is important to bear in mind that solutions of sodium hydroxide

prepared from commercial products show greater variations in the

degree of purity than is the case with solutions of sodium carbonate or

of acids.

The ordinary rules for sampling, described under " General Methods

of Technical Analysis "
(p. 7), are not applicable to caustic soda, which

comes on to the market in solid blocks packed in iron drums. The
block filling the drum is not perfectly uniform throughout ; the portions

most nearly representing the average are those next to the bottom and

sides of the drum, as these portions have solidified fairly rapidly

on packing ; the central portions which have solidified more slowly

are less regular in their composition, as the impurities, more especially

chloride and sulphate, have time to accumulate in the fluid core. In

sampling, pieces should therefore be taken from as many different parts

as possible. In the works the sampling is best done while the material

is still liquid ; the most satisfactory procedure is to draw three samples

from each pot as it is emptied, viz., from the top, the middle, and the

bottom respectively, and to jDour these, one after the other, on to a plate

and to take the middle portion of the whole for analysis. The three lots

can subsequently be readily separated, as the surfaces of the layers

solidify between the pouring of each sample.

The samples readily take up moisture and carbon dioxide, on the

surface, even when preserved in well-stoppered bottles, which is shown
by the formation of a bright white crust ; this crust should be removed
by scraping before the samples are weighed for analysis.

According to Bockmann, the sample should be roughly powdered
as rapidly as possible, to prevent absorption of moisture ; if single

pieces be taken instead of the more homogeneous, coarse powder,

differences up to i per cent may result with different portions of the

same product. Such powdering is not, however, to be recommended
since some absorption of moisture and of carbon dioxide cannot be

avoided and may give rise to errors appreciably exceeding i per cent.

The chemical analysis of caustic soda is generally confined to the

determination of the total alkalinity and of the caustic soda, or more
correctly the available soda inclusive of sodium silicate and sodium
aluminate. Sodium chloride, sodium sulphate, and water may also be

determined. Other impurities are only present in small amount and
are consequently only estimated in exceptional cases ; the methods
described under black ash and soda ash are then employed.

^ Loc, cit., p. 279.
- Cf. also, VVegscheiJer and Walter, Moiiatsk., 1905, 26, 685 ; 1906, 27, 13.

2 G
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Analysis of Caustic Soda.—Fifty g. of the sample, freed from

crust by scraping, as described above, are dissolved in water, the

solution made up to looo c.c, and portions of this solution with-

drawn for the following tests.

1. The Total Alkalinity is estimated by titrating 50 c.c. of the solution

= 2-5 g. substance with normal acid, using methyl orange as indicator.

The result is variously calculated according to the scale employed (see

p. 451). In England the results are either expressed in percentage of

"real Na._,0 " or in percentage of "commercial Na^O," the latter figure

being arrived at by multiplying the percentage of real Na^O by 31-4

and dividing by 31. In Germany the alkalinity is expressed as a per-

centage of sodium carbonate, and in France in degrees Descroizilles.

2. The Sodium Hydroxide actually present may be estimated in

various ways. The only other alkaline substance to be taken into

account is sodium carbonate ; the quantities of aluminate and silicate

are extremely minute, except in the case of caustic bottoms (p. 441).

The most exact method of estimating the carbonate is to determine

the carbon dioxide evolved on treatment with a strong acid. This may
be done either gravimetrically by the Fresenius-Classen method, or more

rapidly and accurately by the method of Lunge and Marchlewski

(p. 149).

The method depending upon titration with phenolphthalein and

hydrochloric acid, after the addition of an excess of barium chloride,

(pp. 73 and 424), is almost equally exact. This method gives the

caustic soda directly.

For routine testing in the works the method described on p. yi^ is

to be recommended. It is not quite so accurate as the above, but it

has the advantage of rapidity and serves as a check on the total alkalinity

(test i). Fifty c.c. of the solution, preferably cooled nearly to o , are

titrated first with hydrochloric acid and phenolphthalein until the red

coloration just disappears, which occurs when all the sodium hydroxide

has been neutralised and the carbonate present has been converted to

bicarbonate ; methyl orange is then added to the solution and the

titration continued until the }'ellow colour changes to pink. If ;/ c.c.

of acid are required for the first part of the titration, and i)i additional

c.c. for the second, 2 111 corresponds to the Na^COy present and n - in to

the NaOH.
3. The determination of Chloride, Sulphate, and other impurities is

carried out as described under Soda Ash, p. 456.

4. Water. Caustic soda may contain up to 30 per cent, of water

when it reaches a broker or analyst. This is more especially the case

when samples have been sent in badly sealed boxes, etc.

In such instances the water cannot be accurately determined by

direct heating in a porcelain crucible owing to unavoidable mechanical
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loss due to small particles being carried away by the escaping steam
;

on the other hand, if caustic soda be heated in a drying oven to 140°

a gain in weight may very easily occur, due to absorption of carbon

dioxide ; such a gain almost invariably occurs when the water content

is low.

The moisture determination is therefore best made as described

under Salt (p. 401). About 5 g. of the caustic soda are heated to 150^

on the sand-bath for three or four hours in an Erlenmeyer flask of the

prescribed dimensions. The funnel must be kept in position the whole
time (in this the method differs from that employed in the case of salt),

to prevent absorption of carbon dioxide. The flask and funnel are

placed on a marble slab, after the heating is completed, allowed to cool

in the air, and finall}' weighed.

Caustic Salts are analysed in the same way as caustic soda.

D. Sodium Bicarbonate

Sodium bicarbonate, XaHCO., contains 36-94 per cent. Na.,0, 52-34

per cent CO.., and 10-72 per cent. H^O. In the pure condition, that is,

when fully saturated with carbon dioxide, it reacts alkaline towards litmus

and, according to earlier accepted views, neutral to phenolphthalein.

Kiister^ states that in dilute solution it reddens phenolphthalein in

consequence of hydrol)'sis and Siemens- has found that such reddening

is produced by even the purest bicarbonate. The solubility and other

properties are described in Lunge's Sulphuric Add and Alkali?

On exposure to the air the powder loses carbon dioxide, even at the

ordinary temperature, and much more rapidly at somewhat higher

temperatures. The aqueous solution, in a similar manner rapidly, parts

with some of its carbon dioxide and is then found to contain appreciable

quantities of the normal carbonate.

Commercial bicarbonate is very seldom absolutely free from normal

carbonate, but the quantity of the latter should only be ver\' small.

Bicarbonate should dissolve in water to a perfectly clear solution and
chloride and sulphate should only be present in traces. Formerly
bicarbonate was frequently found to contain sodium thiosulphate, due to

its having been manufactured from Leblanc soda liquors by the Deacon-
Hurter process. Bicarbonate manufactured by the ammonia-soda
process may contain a little ammonia as carbonate or chloride, but at

the present time the high percentage (2-6 per cent, ammonium car-

bonate) found by Lehmann* is not likely to occur; a much smaller

percentage than this would make itself evident by the odour.

Bicarbonate of soda is very largely used in medicine and in bakeries,

1 Z. anorg. C/iein., 1896, 13, 127. " \'ol. ii., p. 54.

2 Fischer'sJahresber., 1897,455. ^ C/um. Ltd., 1887, 10, 88.
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and it should consequently not contain metallic impurities in sufficient

quantity to be detectable by sulphuretted hydrogen or by ammonium
sulphide. The detection of small quantities of arsenic is carried out

as described in p. 362.

Qualitative analysis of Sodium bicarbonate —This is directed

in the first place to the examination for chloride and sulphate, which
impurities should only be present in ver}' sm.all quantity ; this applies

also to ammonia. Thiosulphate is detected, according to Mylius,^ by
adding dilute sulphuric acid and zinc, and examining for sulphuretted

h}'drogen by means of lead paper. The methods of Salzer - and of Liittge ^

arc less exact. Salzer adds a drop of iodine solution to the cold saturated

solution of the bicarbonate
; if thiosulphate is present, the iodine is

decolorised. Liittge treats the bicarbonate with excess of hydrochloric

acid and then adds barium nitrate. According to Musset,^ very small

amounts of thiosulphate can be detected by the grey coloration due to

mercuric sulphide, which is formed when 5 g. of the bicarbonate are

ground with o-i g. of calomel and two drops of water.

Thioc}'anates are detected, according to Utescher,-'' by agitating

a large quantity of the bicarbonate with water and testing the solution

obtained with ferric chloride in h)-drochloric acid solution.

Several methods for detecting the presence of the normal carbonate

in bicarbonate are known. The methods depending upon the red-

dening of phenolphthalein are, according to Kiister's observations,

{cf. p. 467) inaccurate. The method usually emplo\-ed is the reaction

with mercuric chloride. A solution of mercuric chloride in two parts

of water is added to a solution of the bicarbonate in fifteen parts of

water, when a white cloudiness, which gradually becomes brown after

several minutes, is produced. This method is, however, by no means
reliable, and the same may be said of all other qualitative tests for the

normal carbonate. The presence of the normal carbonate can only be

proved with certainty by a quantitative examination.

The detection of normal carbonate by means of magnesium sulphate

is absolutely untrustworthy. It is better, according to Leys,^' to

employ a saturated solution of calcium sulphate which, in the presence

of sodium carbonate, gives a precipitate of amorphous calcium carbonate,

which is easily distinguishable from the crystalline calcium sulphate,

Kubli'' recommends the use of quinine h)-drochloride, which is not

precipitated by bicarbonate containing less than 2 per cent, of normal

carbonate.

Quantitative analysis of Sodium bicarbonate consists in de-

^ Fischer's Ja/iiesler., l886, 282. * Z. atigew. C/iein., 1S90, 3, 311,

2 C/iem. /ml, 1887, 10, 27. ' Apot/t.-ZeiL, 18S8, 610.

^ C/iem. Zeit. Rei>., 1889, 13, 305. ^ C/iem. Centi:, 1898, I., 753.

' Ihiil, 1S98, II., 416.
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termining the percentage of available alkali and of carbon dioxide.

As a matter of fact, the latter determination alone is sufficient.

The indirect method of estimating total carbon dioxide by driving

it offand noting the loss of weight in one of the known form of apparatus,

is certainly not sufficiently exact. Trustworthy results can onh' be

obtained by estimating the carbon dioxide directl}-, either gravi-

metrically by absorption with soda lime, etc., or gas-volumetricall}- by

the method of Lunge and Marchlewski as modified by Lunge and
Rittener (p. 153).

The method described on p. 429 may also be employed, but since

this necessitates bringing the bicarbonate into solution, care must be

taken to avoid loss of carbon dioxide during this operation. The
estimation is carried out as follows :

—

5-0 g. are weighed off in a small beaker and dissolved in about

100 c.c. of water which has been previously thoroughly boiled and
again cooled to 15'' to 20". Solution is effected in a large beaker

of 900 to 1000 c.c. capacity, agitation of the solution being avoided

as far as possible ; the operation may be assisted by cautiously

breaking up any lumps of bicarbonate that remain on the bottom of

the beaker with a glass rod, care being taken not to stir up the

solution at all violently. Unless these precautions be observed,

loss of carbon dioxide may easily occur and the results obtained

will not be reliable. The water employed should not be below
15° nor above 20" in temperature; in the former case, solution is

difficult, and in the latter, loss of carbon dioxide is likely to result.

Ten g. of pure sodium chloride are then added to the solution,

which is cooled to nearly o', and titrated with ^^71 hydrochloric acid,

using phenolphthalein as indicator, the titration being carried to the

point where the red colour just vanishes ( = ac.c. acid). The delivery

end of the burette should dip into the solution. Meth3'l orange is next

added, and the titration continued until the colour changes to \-ellow

( = 1? c.c. acid). 2a c.c. correspond to the alkali present as XaoCO.,, and
/?— a to that present as NaHCOo {(/. p. 429).

Sundstrom's method,^ which consists in adding sodium hydroxide to

the bicarbonate solution until the latter has been converted into

carbonate, this point being determined by the brown coloration pro-

duced by spotting with silver nitrate, has been examined by Lunge -

and found to be reliable. It is, however, less convenient than the

method described above, and is in no way more accurate.

Estimation of tJie total Carbon dioxide. This is a more reliable

check than the above on the composition of bicarbonate ; the quantity

should at least reach 50 per cent. (Theory, 52-34 per cent.). The
best plan is to determine the carbon dioxide present as bicarbonate

1 Private communication to Prof. Lunge. - Z. angew. Cheiii., 1S97, 10, 169.
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directly. A simple, rapid and exact method for this determination has

been described by Lunge,^ which consists in heating the sample to a

certain definite temperature and estimating the carbon dioxide driven

off; the method is only applicable to solid bicarbonate and not to

solutions.

The apparatus shown in Fig. 138 is employed in carr}'ing out the

test. It is connected with a bulb-nitrometer (p. 136), or preferabl)^

with a gas-volumeter (p. 138), or with any other suitable apparatus

for measuring or weighing the carbon dioxide evolved.

A glass tube, 65 mm. long and 6 mm. internal diameter, is connected

at one end with a wider tube, provided with a tightly fitting ground-in

stopper, a, and at the other end with a capillary tube, d, 60 mm. long.

The stopper a is continued in the form of a glass rod, ^, 30 mm. long,

which, whilst not ground into the tube, fits it fairly tightly. This

leaves a free space, r, 35 mm. long and 6 mm. diameter, which is

Fig. 138.

separated from the capillary by means of a small plug of asbestos or

glass-wool. This free space will hold about 0-850 g. of powdered
bicarbonate, a quantity which, provided the quality be good, will give

rather more than no c.c. of carbon dioxide, measured at o" and

760 mm. This volume can be readily measured in the universal gas-

volumeter, which is graduated from i to 30 c.c. and from 100 to 140 c.c,

the intervening space being taken up by the bulb. Should the free

space in the decomposition tube be too small or too large for the

measuring apparatus employed, it may be altered by making the glass

rod /; shorter or longer, as may be necessary.

The stopper extension b allows the space c to be well heated without

risk of cracking the ground-in portion a, and so permits this part to be

made perfectly tight by using a little vaseline or other grease.

The heating is effected in the air-bath e, which consists of an iron

crucible bored in two corresponding positions on opposite sides and
covered with a piece of asbestos card,/, through which the thermometer

g is placed. A sheet of asbestos card, //, is fixed over the capillary d;

^ Z. angew. C/ieni., 1897, 10, 522.
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this card extends below the flame used to heat the crucible c and thus

protects the gas-volumeter from the heat ; an interval of at least ten

minutes must be allowed after each operation before the volume of gas

collected is adjusted and read off.

To carry out the determination, the tube is first weighed empty,

then filled with bicarbonate and again weighed. Care must be taken

that none of the bicarbonate remains in the portion fitted with the

stopper ab ; any particles adhering to the walls in this portion of the tube

must be removed b}- a rubber-covered rod or other suitable contrivance

before the, stopper, which should be covered with a little vaseline, is

inserted. The tube is then placed in the air-bath, as shown in Fig. 138,

so that the whole of the bicarbonate gets heated, and the free end of

the capillary d connected with the side capillary tube of the gas-

volumeter. The small capillary space between these two tubes is

evacuated two or three times by lowering the levelling tube of the

volumeter until a vacuum exists in the measuring tube, shutting off

from the capillary and expelling the air from the measuring tube by

raising the levelling tube. Three such evacuations may be carried out

in the space of a minute. The levelling tube is then lowered and the air-

bath heated by a flame of moderate size to between 260" and 270", an

operation requiring on the average about seven minutes. The heating

is continued for a further three minutes, after which the tap connecting

the capillary with the measuring tube is closed, the apparatus allowed

to stand for about ten minutes to attain the atmospheric temperature

and the levelling and reduction tubes adjusted in the usual manner to

allow the volume of gas evolved to be read off directly as dry gas

corrected to o and 760 mm. Since the gas is always collected moist

in this determination the reduction tube must be set accordingly ; the

condensation of water is very small and exerts no influence on the

reading. The percentage of carbon dioxide may be calculated directly

from the volume read off, since the free capillary space is so small

that no appreciable quantity of air remains after evacuating three times

as described above. Lunge, however, recommends transferring the gas,

after measurement, to an Orsat apparatus and proving that it is com-

pletely absorbable by alkali hydroxide, which he finds is always the

case. One c.c. dry CO., at o' and 760 mm. pressure weighs 1-9766 mg.,

and corresponds to 7-5524 mg. NaHC03. To arrive at the actual

percentage of bicarbonate in the sample examined, the figure 7-5524 is

multiplied by the number of c.c. of gas liberated and divided by the

weight of substance taken. If it be desired to also determine the

amount of normal carbonate present, a second portion of the sample

may be titrated with normal acid and methyl orange, or the total carbon

dioxide liberated by decomposing with hydrochloric acid may be

determined (p. 149}. In the latter case, twice the volume of carbon
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dioxide found in the bicarbonate estimation is deducted from the

total carbon dioxide found, and the remainder calculated to normal

carbonate.

The residue in the decomposition tube used in the determination

of the bicarbonate can be washed out and titrated ; this saves a

weighing, but it is scarcely as accurate as the titration of a separate

portion, owing to the risk of losing som.e of the material. This estima-

tion of normal carbonate is, as a rule, unnecessary.

The Exaimination of Commercial Liquid Carbon Dioxide

The following particulars are taken from a ver}' complete investiga-

tion of the subject by Lange.^ In determining the value of commercial

liquefied carbonic acid it is, as a rule, sufficient to find out what pro-

portion of gases not absorbable by potassium hydroxide solution is

contained in the liquid. It is generally unnecessary to determine the

volume of air present in the gas space of the cylinder. This and the

determination of the carbon dioxide present in the gas space need

only be done in very exact work, when a series of samples otherwise

similar have to be examined. In determining the percentage of air in

samples of the gas drawn from the cylinder, it will generally suffice to

estimate the carbon dioxide in the gas space before and after the

taking of the sample. The percentage of air present in the sample is

then taken as the mean of the two determinations, provided that the

carbon dioxide last examined is not perfectly air-free.

Any suitable form of apparatus for gas analysis may be employed

for the determination of the contained air. Lange makes use of the

modified Winkler gas-burette shown in Fig. 139.

The tube A has a capacity of 100 c.c. and is narrowed at the top

to a tube of 5 c.c. capacity, graduated in t,V c.c. It is connected at its

lower end with the tube B by means of a piece of rubber tubing ; a

run-off tap is not provided. The bent tube e is connected by a length

of rubber tubing with a glass tube, which dips into about 250

c.c. of the solution contained in the bottle D, clamped to the stand. To
charge the apparatus, potassium hydroxide solution of sp. gr. 1-297 is

introduced into B in sufficient quantity to more than half fill the tubes

B and A ; the stopper carrying the bent tube c and the attached

rubber tubing is then fixed in position in B, and the alkali solution

driven out of the tube A by blowing through a rubber tube attached

above the tap h. The tap a is closed as soon as the level of the liquid

in A has sunk below the tap. The tube B is then filled up with potas-

sium hydroxide solution and fixed at such a height on the stand that

on opening the tap a the solution exactly fills the bore of the latter.

1 Chem. Ind.^ IQCO, 23, 530,
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The apparatus is then ready for use. The tap a is turned through 90"

and the gas to be examined introduced ; on closing the tap /' and

opening a, the absorbent solution flows from D into B and A. After

the absorption is completed the tap b is opened, when the solution flows

back again into D until the level of the liquid reaches the tap a, where

it remains, leaving the apparatus read}' for a further test. More than

400 analyses can be made with a single charge of solution.

The examination of the

carbon dioxide is carried out

as follows. An adapting piece

is screwed, using some luting

material, into the outlet pipe

of the C}-linder, which is placed

in a vertical position, and a

piece of rubber tubing attached

to the adapter. The cylinder

valve is then opened and care-

fully regulated, so as to give a

steady and not too rapid cur-

rent of the gas when the rubber

tube is connected with the tap a,

which is so turned that the gas

enters the tube A, driving out

the contained air through the

tap b. After a minute the

tube A will be filled with the

gas ; the operation may, how-

ever, be continued until needle-

shaped crystals of potassium

bicarbonate are formed in the

upper narrow portion of A.

The tap b is then closed, and

after the gas in A has been

brought to atmospheric pres-

sure b}' removing the rubber

tubing, the tap a is turned through 90' to bring A and B into com-

munication. The potassium hydroxide solution immediately rises in

A ; the absorption may be hastened by gradually turning A into a

nearl)' horizontal position. Towards the end of the absorption the tube

is tilted to and fro and then clamped. The bottle D is then raised

until the levels of the liquid in A and D are the same, and the volume

of the gas read. When many determinations have to be made, the

adjustment with D may be dispensed with and the volume read directly

by the aid of a suitable correction table. The difference between two

Fig. 139.
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successive tests should not exceed 0-05 per cent, by volume. By
graduating the upper part of the tube in J,j c.c, it is possible to

approximate to
, i,j c.c. in the readings, and so obtain very accurate

results.

To draw a sample from the liquid contents of the cylinder, it should
be laid on its side, on a suitable support, so that the outlet tube of the

valve points upwards. As a rule, it will be found possible to obtain a

satisfactory and not too violent current of gas by slowly and cautiously

opening the valve ; small particles of solid carbonic acid will always be
found to issue with the gas. In some cases the setting of the valve

is very troublesome and the current of gas is so violent and inter-

mittent that a very slight turning of the valve may cause the rubber
tubing to burst. When this is the case a reducing valve may be
inserted and the gas allowed to issue for some considerable time to

thoroughly replace the air in the reducing valve before the sample is

taken.

The calculation is carried out as follows :

—

If I kilo of carbon dioxide corresponds, at the temperature at which
the analysis is carried out, to A litres, then the calculated G^ kilos

with k^ volume per cent. CO., occupy a volume of Gj^. A.o-oiX.^ ; in all,

G kilos or GA litres are present. The volume per cent, of CO2 present

in all, is thus given by the equation :

—

GA : 100 = (Gj.A.o.oiX-j + G._,. A.o.oiX'.,) : x

ox X = —J—^—r^—^^
(jr

or, more conveniently for calculation, the total quantity of air present

in the carbonic acid is given by the equation :

—

_ Gj(ioo - k^ + Go ( 100 - /'.,)

y __^ ^

That is, the carbon dioxide present in the cylinder in the liquid and
gaseous states respectively is first calculated to weight ; each weight is

then multiplied by the corresponding percentage of air in the liquid

and gaseous portions and the products added together. The true

average air content of the total carbon dioxide, in volume percentage, is

then found by dividing the figure obtained above by the net weight of

the contents of the cylinder.

The methods for the examination of liquid carbon dioxide have

been more recently investigated by Thiele and Deckert,^ who have

pointed out the importance of determining the gases other than carbon

dioxide, and the difficulty of doing so if the carbon dioxide is de-

1 Z. aiigew, Chein. 1907, 20, 737.
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termined by a gas-volumetric process, owing to the small volume of

the residue. They accordingly recommend a method in which the

carbon dioxide is absorbed over potassium h)-droxide in a special

measuring tube, fitted into a flask, which is weighed before and after

the absorption. A considerable volume of the unabsorbed gases is

thus obtained, which is transferred to a gas-volumeter for measurement

and subsequently analysed if desired ; the increase in weight of the

flask Gfives the content of carbon dioxide.
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THE CHLORINE INDUSTRY

By Professor G. LUNGE ; translated by James T. Conrov, B.Sc, Ph.D.

RAW MATERIALS

The raw materials employed in the Weldon process and for the

preparation of chlorine on a small scale, are hydrochloric acid, the

examination of which has already been described (p. 409), and native

manganese peroxide ; the latter is necessary in the Weldon process to

make good the loss of manganese that occurs in the operations

involved. In the Deacon process hydrochloric acid is the only raw

material ; in the various electrolytic processes the raw material is either

potassium chloride or sodium chloride.

In the Weldon process for regenerating the manganese dioxide,

lime, or milk of lime, is required. The lime emplo}'ed is very fre-

quently prepared by burning limestone in the works where it is used.

Certain special properties are essential in lime intended for this

purpose. Slaked lime is also required in the manufacture of bleaching

powder and milk of lime in the manufacture of potassium chlorate.

The method of examining the potassium chloride employed in the latter

industry is given in the section on "Potassium Salts" (p. 533). This

section is restricted to the methods cmplo)'ed for the examination of

manganese ore, quick lime, slaked lime and milk of lime.

I. Manganese Ore

Native manganese ore consists of manganese dioxide admixed with

larger or smaller quantities of impurities. A description of the various

minerals in which it is present, the localities in which they occur, etc.,

will be found in Lunge's SiilpJiuric Acid and Alkali}

The technical examination of manganese ore intended for use in

Weldon stills, is confined to the estimation of moisture, active oxygen,

carbon dioxide, and to the quantity of hydrochloric acid necessary for

decomposition.

1 Vol. iii., p. 26S.
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1. Moisture.—According to R. Fresenius, manganese ore only parts

with the whole of its hygroscopic moisture at 120 ; at higher tempera-

tures a portion of the combined water is also driven off. The method
of drying recommended by Fresenius based on this consideration, is,

however, not foUowed in works, the practice being to dry the ore at 100^

in the following manner.

A fair quantity of the very finely ground ore is weighed off, and
spread out in a thin layer on a large watch-glass, and heated directly on

a briskly boiling water-bath, or at 100" in a drying-oven, until the

weight is constant. Dr}'ing should be complete after four hours ; if it

be continued for six hours, it is safe to assume that constant weight has

been attained.

2. Active Oxygen is always expressed as percentage by weight of

manganese dioxide. This includes all oxygen combined to form oxides

higher than manganous oxide, MnO ; or in other words, all oxygen
capable of reacting with h}-drochloric acid to liberate chlorine. One
part active oxygen = 5-438 parts MnO^.

Of the many methods of estimation which have been proposed,

only a few are actually employed. Gay-Lussac's method, which con-

sisted in measuring the volume of oxygen liberated on boiling the ore

with concentrated sulphuric acid, has gone completely out of use. A
method formerly much used is that of Berthier and Thompson, as

modified by Fresenius and Will ; it depends on the oxidation of oxalic

acid according to the equation :

—

MnO, + H.SO, + C.H.O, = MnSO, + 2H,0 + 2CO,.

The ore is warmed with strong sulphuric acid and oxalic acid, and
the carbon dioxide liberated thoroughly dried before leaving the

apparatus
; the weight of real MnO.^ (or its equivalent) in the sample is

then calculated from the loss in weight arising from the liberated carbon

dioxide. Any carbon dioxide due to the presence of carbonate in the

ore must, of course, be allowed for. The method is subject to the error,

com.mon to all determinations in which a small loss of weight is

obtained as the difference between two weighings of a relatively heavy

piece of apparatus, and which is now known to be much greater than

was previously supposed. In addition there are other sources of error,

especially those arising from the difficulty in dissolving many of the

ores. The proposal to weigh the carbon dioxide directly by absorbing

it with soda lime only partially overcomes these objections.

Better results are obtained by applying the reaction volumetrically,

by starting, for example, with a known weight of oxalic acid and

titrating back the excess with permanganate solution ; this modification^

has not, however, found any extended application in works practice.

^ Cf. Lunge, Sulphuric Acid and Alkali, vol. iii., p. 274.
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The same may be said of Bunsen's method, which consists in boiling

the ore with strong hydrochloric acid, absorbing the evolved chlorine in

potassium iodide solution, and titrating the liberated iodine with sodium

thiosulphate. In principle this method ought to be the best, since it

most nearly corresponds to the technical application of the ore. Correct

results can, however, only be obtained by the very careful observation

of various precautions and by carrying out blank tests. Consequently,

the method is but seldom emplo)'ed, notwithstanding the fact that the

labour involved has been greatly reduced by the introduction of con-

venient apparatus.^

The method most generally adopted is the " Ferrous Sulphate

"

method of Levol and Poggiale. Carried out in the following manner
described by Lunge, the process is looked upon as a standard method
in the heavy chemical trade, as it is convenient and exact, and gives

concordant results in the hands of different analysts.

^0875 S- of ^he very finely ground ore thoroughly dried at 100'

are treated in a round-bottomed flask fitted with a Bunsen valve, or

still better with a Contat bulb (Fig. 39, p. 106), with 75 c c. of acid ferrous

sulphate solution which is added from a pipette in three portions

of 25 c.c. at a time. The ferrous sulphate solution is prepared by
dissolving 100 g. of pure ferrous sulphate and 100 c.c. of pure con-

centrated sulphuric acid in i litre of water ; it should be standardised

daily when in use with A72 permanganate solution, using the 25 c.c.

pipette employed in the tests (cf. p. 103). After the addition of the

ferrous sulphate solution, the flask is heated until the whole of the

manganese dioxide has gone into solution and the insoluble residue is

no longer dark coloured. The Bunsen valve must, of course, remain

gas-tight during the subsequent cooling. Occasionally the external

pressure is sufficient to break the flask when a Bunsen valve is em-
ployed ; for this reason the Contat bulb is to be preferred, since it

allows a solution of sodium bicarbonate to enter the flask during the

cooling, and the carbon dioxide liberated effectually keeps out atmos-

pheric ox}'gen whilst maintaining the normal pressure. When the

flask and contents are quite cold the solution is diluted with from 100

to 200 c.c. of water, and titrated with permanganate until the faint

rose-tint ceases to disappear instantaneously on stirring the solution,

and remains permanent for at least half a minute ; subsequent de-

coloration may be disregarded. The quantity of permanganate

solution required is deducted from that corresponding to the 75 c.c.

of ferrous sulphate solution ; each i c.c. of the remainder corresponds

to 0-02175 g- MnO.„ or for the weight of ore taken above, to 2 per

cent. MnO..
Another method, characterised by extreme rapidity, and which is

^ C/. Lunge, Sulphuric Acid and Alkali^ vol. iii., p. 274.
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very useful as a check on the above, is Lunge's ^ gas-volumetric method,

based on the interaction of peroxide of hxdrogen and manganese

dioxide according to the equation :

—

MnOo + H.O, + H,SO, = MnSO, + 2H,0 + O,.

The value of the peroxide is determined by the volume of oxygen

evolved, whicTi, as will be seen from the above equation, is equal to twice

the quantity of " active oxygen " present in the manganese dioxide, the

hydrogen peroxide being of course present in excess. Each i c.c. of

oxygen evolved at o' and 760 mm. corresponds to 0-003885 g. MnO^.

If 0-1943 g. of the manganese ore be taken for analysis, each i c.c. of

oxygen evolved = 2 per cent. MnOo ; and if 0-3885 g. ore be taken, each

I c.c. of oxygen = I per cent. I\InO.,. The former quantity is suitable

for small nitrometers, the latter for the larger apparatus.

The operation is carried out in the nitrometer with the auxiliary

flask as described on p. 137, the volume of gas obtained being reduced

to the volume of dry gas at o and 760 mm. It is, however, more con-

venient to employ the "Gas-volumeter" (p. 138}, whereby the corrected

volume is obtained without calculation.

The following points should be observed when carr\-ing out this test.

The ore must be ground until extremely fine, so as to allow of complete

decomposition and the quantity weighed off must be placed in the outer

compartment of the decomposition flask, care being taken that none gets

into the inner compartment; a few c.c. of dilute sulphuric acid are first

added to decompose any carbonate present in the sample. Hydrogen

peroxide is then placed in the inner compartment, an excess over the

amount necessary to decompose the ore being added and the bottle

tightly closed by the rubber stopper connected with the nitrometer tap.

The pressure is equalised by opening the tap to the air, so that the

mercury comes to the zero point of the nitrometer. In placing the

stopper in the decomposition flask, and also in the subsequent shaking,

the flask should be held by the neck onl\-, so as to avoid warming by

the hand as far as possible : a more satisfactory plan is to allow the

bottle to stand for at least ten minutes in water, at the room tempera-

ture, both before and after the decomposition. After the mercury has

been brought to the zero mark the flask is tilted, so that the hydrogen

peroxide flows from the inner compartment on to the ore, and the

bottle is then shaken. Shaking should only be continued for two

minutes, since after this period there is a risk of the insoluble matter

acting upon the hydrogen peroxide with spontaneous evolution of

oxygen. Shaking for a longer period is to be avoided, even in cases

where decomposition is incomplete owing to insufficient grinding. In-

1 Ber., 1885, l8, 1S72 ; Z. angeiu. Chein., 1890, 3, 8 and 75 ; cf. also, Lunge, Sulphuric Acid

and Alkali^ vol. iii., p. 278.
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complete decomposition is evidenced by the presence of dark material

in the otherwise light coloured residue of silicate ; longer agitation does
not aid the decomposition, but only promotes the spontaneous decom-
position of the peroxide. The level of the mercury should be adjusted

and the volume of gas read as soon as the initial temperature has been
attained.

The evolved gas may be regarded as fully saturated with aqueous
vapour, and the reduction should be made by the aid of the " moist
reduction tube" (p. 140); should the apparatus be provided with a

"dry reduction tube," the correction must be carried out as described

on p. 141.

A. Baumann^ employs an azotometer for the decomposition (p. 125),

and to avoid calculating the gas volume to o' and 760 mm., weighs
off a quantity of ore corresponding to the temperature and barometric

pressure; this is facilitated by means of a table giving the quantity to

be weighed off under varying conditions. The use of such a table

does not allow of any variation in temperature between the time of

weighing off the ore and the time of making the analysis, and since

a difference of 1" C. means a rise or fall of 0-4 per cent, in the result,

this point is of considerable importance.-

A. Baumann -^ has also devised a volumetric method based on the

same reaction. The manganese ore is allowed to react with an excess

of hydrogen peroxide, previously standardised by permanganate solu-

tion, and the excess of peroxide is titrated back. The h}-drogen per-

oxide solution employed is prepared by diluting the commercial

peroxide with dilute sulphuric acid (i : 10) until the mixture will

decompose approximately its own volume of permanganate solution.

P"or the anal}'sis 0-4 to i-o g. of the very finely ground manganese ore is

weighed off, and treated in a tall beaker or in a flask with exactly 50 c.c.

of the hydrogen peroxide solution The mixture is shaken at frequent

intervals during half an hour, after which time any undecomposed
hydrogen peroxide is titrated with permanganate solution. Should there

be between five to ten samples for analysis, the first will be ready for titra-

tion when the measured volume of peroxide solution has been added to

the last sample, and the various lots can be titrated in the order in

which they were weighed off. In some cases exact titration is rendered

difficult owing to the ore forming a markedly turbid brown coloured

solution. This difficulty may be overcome by carrying out the decom-

position in a 100 c.c. graduated flask, making the solution up to 100 c.c.

after half an hour, when decomposition is complete, filtering through a

double filter paper, and taking 50 c.c. of the filtrate for titration. The
number of c.c. required must be doubled for calculating the results on

the quantity weighed off

^ Z. augeu: Chein.^ 1S90, 3, 78. - Cf. Lunge, ihid,^ 136. " Ibid.^ 72.
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MacLachlan ^ is of opinion that the estimation of the active oxygen
in hydrogen peroxide by means of an acid solution of potassium per-

manganate is altogether unreliable. Lunge maintains that this view

only applies to the volumetric determination, and accordingly Baumann's
method is to be regarded as inexact until further investigation proves

the contrary. ' Lunge has fully confirmed the accuracy of the gas-

volumetric method by a large number of tests.

3. Carbon dioxide. — This estimation is important, since carbon

dioxide constitutes a very harmful impurity in chlorine intended for the

manufacture of bleaching powder. Traces of carbonate ma}- be detected

b)' stirring the powdered ore on a watch-glass with water until all

adhering air-bubbles have been removed, then adding a little dilute

h}-drochloric acid, and viewing the surface of the solution from the side.

The liberated carbon dioxide comes off in the form of small, briskly

evolved gas-bubbles, and cannot possibly be confused with air. The
quantitative determination may either be carried out gravimetrically by

liberating the carbon dioxide with dilute sulphuric or nitric acid, and

absorbing in soda lime, or still better and more rapidly, by the gas-

volumetric method described on p. 149. A good ore should not contain

more than i per cent, of carbon dioxide.

4. The Hydrochloric acid necessary for decomposition.—One g. of

the ore is dissolved in 10 c.c. of strong works acid of known strength,

the operation being carried out in a flask provided with a reflux con-

denser, and solution assisted by heating. The solution is then allowed

to cool and normal sodium hydroxide added until the separated reddish-

brown, flocculent precipitate of ferric hydroxide no longer dissolves on

shaking. The volume of sodium hydroxide solution required is calcu-

lated to the strength of the acid employed for the decomposition, and

the figure thus obtained for the excess of acid deducted from 10, the

number of the c.c. of acid taken in the first instance.

Debourdeaux - recommends determining the chlorine value and the

requisite acid in a single operation. The ore is treated with a mixture

of oxalic and sulphuric acids, and after solution the excess of the

former is determined by titration with permanganate, and the acid used

by titrating with ammonia and fluorescein. This method is not likel}'

to effect any saving of time.

II. Ll.MESTONE

A description of the characteristics of the most suitable limestone

for the manufacture of bleaching powder is given in Lunge's Sulphuric

Acid and Alkali? The properties required in lime intended for the

' Chem. Soc. Pioc, 1 903, 19, 216. - Comptes remi.^ 1 904, 138, 88.

^ Vol. iii., p. 440.

2 H
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Weldon process are somewhat similar; much depends in both cases on

the absence of magnesia. The technical examination is carried out as

follows :

—

1. Insoluble matter. — One g. of the limestone is treated with

hydrochloric acid, and the insoluble residue thoroughly washed, dried,

and io-nited. Should appreciable quantities of organic matter be present,

the insoluble matter is first weighed on a tared filter paper, after drying

at ioo% and then ignited ; the difference between the two weighings

gives the organic matter.

2. Lime.—One g. of the limestone is dissolved in 25 c.c. of normal

hydrochloric acid and the excess of acid determined by titration with

normal sodium hydroxide solution. The number of c.c. required is

deducted from 25 ; the remainder multiplied by 2-806 gives the percent-

age content of CaO, or multiplied by 5-006, the percentage content of

CaCOo. This method of calculating the result gives any MgO present

in terms of CaO but this is quite permissible in limestones intended for

use in alkali and bleaching powder works, since they should contain

only very little magnesium oxide.

For the same reason, it is equally permissible to calculate the lime

content from a determination of the carbon dioxide.

The latter is very frequently determined by loss. Very many forms

of apparatus for this purpose are in use.^ The most rapid and accurate

method is the gas-volumetric method described on p. 149. If 0-4497 S-

of the sample be taken, each i c.c. of gas obtained, measured at o' and

760 mm., corresponds to i per cent. CaCOg.

Should the limestone contain appreciable quantities of sesquioxides,

these must first be removed by precipitation with ammonia (free from

carbonate), and the calcium then precipitated as oxalate. In exact

work the precipitates should be dissolved and reprecipitated (c/. p 405).

According to Passon,- this separation may be obviated by adding

phenolphthalein to the acid solution of the limestone, and then sufficient

ammonia to produce a distinct red coloration after precipitation is

complete. A 10 per cent, solution of citric acid is then added until the

colour disappears and the precipitate goes into solution, after which a

further 10 c.c. of citric acid solution is added, the whole diluted with water,

and the calcium precipitated by the addition of ammonium oxalate to

the boiling solution. Iron, aluminium, magnesium, and phosphoric acid

do not interfere when this method of precipitation is adopted.

3. Magnesia is, as a rule, only determined in limestone intended

for use in the manganese recovery process, or in the manufacture of

bleaching powder. Two g. of the sample are dissolved in hydrochloric

1 Cf. Clowes and Coleman, Onanlitative Analysis, 6lh edition, 1903, p. 12S ;
Treadwell,

Analytical Chemistry, vol. ii., p. 292.

- Z. ajigeu: Chenu, 1898, II, 776.
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acid, the calcium precipitated b}- the addition of ammonia and
ammonium oxalate, and the magnesium determined in the filtrate by
precipitation with sodium phosphate {cf. p. 406).

4. Iron is usually only determined in limestone intended for the

manufacture of bleaching powder. Two g. are dissolved in hydrochloric

acid, the solution reduced by metallic zinc, diluted, and titrated with

permanganate after the addition of manganese sulphate solution free

from iron {cf. p. 380).

III. Lime

A. Quick Lime

I. Free Lime.—One hundred g. of the average sample are weighed
off, carefully slaked, and the resulting cream transferred to a 500 c.c.

flask, which is then filled to the mark. One hundred c.c. of the

thorougly shaken contents are then drawn off with a pipette and diluted

to 500 c.c. in a second flask, and 25 c.c. (= i g. quick lime) of the latter

well-mixed solution taken for analysis. A small quantity of an alcoholic

solution of phenolphthalein is first added and the solution then titrated

with normal hydrochloric acid until the red coloration disappears. The
colour change takes place when all the free CaO has been neutralised

and before the CaCO., has been attacked. Each i c.c. of normal acid =
0-02805 g. CaO. The titration must be effected gradually, and with

thorough mixing, otherwise accurate results cannot be obtained

W- p- 72).

C. Stiepel has devised a "lime-calorimeter" for determining the free

lime by measuring the heat evolved on slaking. The calculation is

based on a liberation of 51500 calories in the combination CaO + H.,0.

As may be imagined, the results obtained with such an apparatus will

not be very exact, and experience has shown that at times the\- are

quite unreliable.

Maynard^ estimates free caustic lime in admixture with other sub-
stances by extracting with pure glycerine at a temperature of 40°.

The extraction is continued for five days in a thermostat, and the
mixture frequently shaken. The whole is finall}- filtered at 60 and the
lime determined in an aliquot part of the filtrate.

2. Carbon dioxide.—The CaO and CaCO.. are titrated together by
dissolving the lime in a measured volume of normal hydrochloric acid,

and titrating back the excess of acid with normal sodium h}-droxide
solution. The CaCO^ present can then be calculated by deducting the
value found for the CaO under test i. In very exact work the carbon
dioxide should be determined directly as described on p. 149.

^ Bull. Soc. Chim. 1902 [3], 27, 851 ; Che7n. News, 1903, 87, 109.
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B. Slaked Lime

1. Water.—About i g. of the substance is weighed off from a

stoppered weighing bottle, and gradually heated to a red heat in a

platinum crucible ; it is then allowed to cool in the desiccator and

weighed. The loss in weight = water+ carbonic acid.

2. Carbon dioxide is estimated as described above (A, No. 2).

3. Content of milk of Lime in caustic Lime.—Blattncrs specific

o-ravity method. In the case of a thin milk, the reading must be made

quickly, and before the lime has time to settle out. In the case of

thicker milks, the hydrometer is placed gently in the solution, and the

containing cylinder slowly rotated, so as to cause gentle shaking, until

the hydrometer ceases to sink in the liquor. The cylinder employed

should not be too narrow. The following table, reduced from that

o-iven by Blattner,^ gives the relationship between lime content and

specific gravity at 15° C.

Degrees
Twaddell.
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II. The Weldox Process

The finished liquors are examined in the following manner according

to Lunge's modification of Weldon's method.

The liquors from the stills are tested for free acid as described

above ; with recovered manganese, such free acid should not exceed i

per cent. Occasionall}' the liquors are also analysed for their manganese

content, the method described under W'eldon mud being emplo}-ed (cf

infrix).

The neutralised and settled liquors are tested for neutrality by

means of litmus, and the degree of freedom from suspended matter

judged by appearance ; the percentage of calcium chloride present is

determined by precipitation with oxalic acid in acetic acid solution.^

The precipitated mud should further be repeatedh' tested during

oxidation, as a check on the blowing operation. The method of testing

the mud is described below.-

The calcium chloride liquors which flow awa\- from the settled mud
are examined for freedom from mud carried forward mechanically.

The mud obtained from the settling-tanks or filter-presses must be

examined for both soluble and insoluble manganese.

Hydrochloric acid used in the Weldon process should be as free as

possible from sulphuric acid.

The Examinatioji of Wcldoi Mud.

I. Manganese dioxide.— For this determination a standard acid

solution of ferrous sulphate is required. It is prepared by dissolving

lOO g. of crystallised ferrous sulphate and lOO c.c. of concentrated pure

sulphuric acid in i litre of water {cf. p. 103), and is standardised by

diluting 25 c.c. with 100 to 200 c.c. of cold water and titrating with

A72 potassium permanganate solution, until the rose coloration remains

permanent for at least half a minute. The ferrous sulphate solution

gradually changes in value, and must therefore be checked from day
to day.

The mud must be thoroughly shaken before testing (mere stirring is

not sufficient), and 10 c.c. drawn off with a pipette immediately and

before any settling has occurred. The outside of the pipette is freed

from mud by washing, and the 10 c.c. of mud allowed to flow into 25

c.c. of the ferrous sulphate solution contained in a beaker, any particles

adhering to the inner walls of the pipette being washed into the beaker

by the aid of a wash-bottle. The mixture is then shaken until all the

mud has dissolved, 100 c.c. of water added, and the solution titrated

with permanganate. If the 25 c.c. of acid ferrous sulphate solution

required x c.c. of permanganate, and the 10 c.c. of the mud and ferrous

^ Cf. Lunge, Sulphuric Acid ami Alkali, vol. iii., p. 350. - Cf. ibid., p. 353.
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sulphate/ c.c. of permanganate, then 2-175 (-^'—J') gives the number of

grams of MnO., present in i litre of the mud, and 2-i75(.r—_;') x 0-0624

the number of pounds per cubic foot.

2. Total Manganese.—Ten c.c. of the mud are measured off, observ-

ing the precautions described under test i, and boiled with strong hydro-

chloric acid until chlorine ceases to be evolved. The excess of acid is

then neutralised by addition of powdered marble or precipitated calcium

carbonate, a strong filtered solution of bleaching powder added, the

whole boiled for a few minutes until the colour becomes deep red, taking

care that the mixture still smells of bleaching powder, when alcohol is

added drop by drop until the red colour is destroyed. The whole of the

manganese is then present as peroxide, which is filtered off and washed.

The filtrate should be tested for freedom from manganese by adding

bleaching powder solution, when no brown coloration should result.

Washing is continued until the washings cease to give a reaction with

iodised starch paper. The filter paper and precipitate are then thrown

into 25 c.c. of standard ferrous sulphate solution, and dissolved by

stirring as above. Should any of the manganese dioxide remain

undissolved, a further 25 c.c. of the ferrous sulphate solution is added.

The solution is diluted with 100 c.c. of water, and titrated with per-

manganate, the results being calculated as under test i , and expressed

as MnOo per litre or per cubic foot.

3. The " Base," that is, the monoxides in the mud which neutralise

hydrochloric acid but do not liberate chlorine. It may contain lime,

magnesia, ferrous oxide, and manganous oxide.

Ten c.c. of the well-shaken mud are added from a pipette to 25 c.c,

or 50 c.c. in the case of a very high base, of normal oxalic acid solution

(63 g. cry St. oxalic acid per litre), previously diluted to about 100 c.c.

and warmed to a temperature of 60 to 80'', and the mixture well

stirred until the precipitate ceases to appear yellow and becomes pure

white. This should not take long, if the operation is carried out at the

temperature specified. The solution is diluted to 202 c.c. (2 c.c. repre-

senting the volume occupied by the precipitate) in a suitably marked

200 c.c. flask, filtered through a dry pleated filter paper, and 100 c.c.

titrated with normal sodium h)-droxide solution. Tincture of litmus or

phenolphthalein must be used as the indicator, since methyl orange can-

not be employed with oxalic acid (cf. p. 65). The oxalic acid taken up

by the mud serves (i) to reduce the MnO., to MnO with liberation of

carbon dioxide
; (2) to combine with and neutralise the manganous

oxide so formed
; (3) to saturate the monoxides, including manganous

oxide originally present, that is, the " base." The quantities taken up

under i and 2 are equal, and the two together have the same value as

the MnO., as determined in test i, and so equal x—y, since the oxalic

acid solution is normal, whilst the permanganate solution is only semi-



THE DEACON PROCESS 487

normal. If :: c.c. of normal sodium hydroxide are used in titrating

back the excess of oxalic acid, the substances under 3 correspond

to the oxalic acid originally taken, 25 (or 50) c.c. less .v-y and 2::

;

therefore this value zi' = 25 (or 50) - (.r+2.:r)+_;'. By the term "base"

is understood the ratio between the value for the substances under 3,

expressed b\- zc, and the value for i, expressed by '

—

~ (the sodium

hydroxide solution being normal and the permanganate semi-normal)

;

this ratio therefor(

used, it becomes :-

2tc'
this ratio therefore equals . When 25 c.c. oxalic acid solution are

50- 2x- 42-\-2y

or, when ;o c.c. oxalic acid are taken = (

'^ - \

III. The Deacon Process

In this process the ratio between hydrochloric acid gas and air must
be determined both in the gases leaving the saltcake pot, and also in

the gases leaving the Deacon decomposer.

In the case of the gases from the saltcake pot it suffices to determine

the volume percentage of hydrochloric acid gas present, as the residual

gas is essentially air. This is effected by aspirating the gases through

a measured volume of sodium h}-droxide solution of known strength,

coloured with litmus or methyl orange until the indicator changes

colour ; the volume of non-absorbed gas (air) is ascertained by measur-

ing the water which has run from the aspirator. Since the ratio of the

volume of hydrochloric acid gas to the sodium hydroxide solution used

is constant, and the volume of the air is given by the water collected,

the ratio between the acid and the air is easily calculated. The principle

of the method and the apparatus emplo}-ed are the same as those

described under Lunge's modification of Reich's method for the analysis

of kiln gases (p. 299).

The gases leaving the decomposer are tested, as a rule, for free

chlorine and for unchanged hydrochloric acid, and occasionally also for

water vapour and for carbon dioxide.

I. Ratio between the free Chlorine and the unchanged Hydro
chloric acid gas.—Decomposition value. Simple absorption of the gases

in sodium hydroxide solution followed by titration for available and total

chlorine is not applicable in this case, since it is impossible to avoid the

formation of chlorate.^ This difficulty has been overcome by the follow-

ing method, devised in the works of Messrs Gaskell, Deacon, & Co.

^ Cf. C. Winkler, Industrie Case, vol. ii., p. 318.
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Five litres of the gas leaving the decomposer are aspirated through

250 c.c. of sodium h}'droxide solution of sp. gr. 1-075, divided between

two or three bottles, to absorb both the h\'drochloric acid gas and the

chlorine. The apparatus should be fixed as near to the decomposer as

possible, and the time during which the gas sample is taken should

correspond with the period of working a charge through the saltcake

pot. The contents of the several absorption bottles are united, diluted

to 500 ex., and tested as follows :

—

1. One hundred c.c. of the solution are heated to boiling with 25 c.c.

of the acid ferrous sulphate solution, prepared and standardised as

described in p. 478, in a flask provided with a Contat bulb (Fig. 39, p. 106).

When cold, the contents of the flask are diluted with 200 c.c. of water,

and titrated with .A^ 2 permanganate solution. Let j' represent the

number of c.c. so required and x the number of c.c. of permanganate
necessary to oxidise the 25 c.c. of ferrous sulphate solution.

2. A small volume of sulphur dioxide solution is added to 10 c.c. of the

above alkaline solution and the mixture acidified with dilute sulphuric

acid, so that there is a distinct smell of sulphur dioxide. The acidified

solution is heated to boiling, allowed to cool, a few drops of perman-
ganate solution added, if necessar}', to oxidise any remaining sulphurous

acid, after which the solution is neutralised with pure sodium carbonate

diluted with water and titrated with X, 10 silver nitrate solution, employ-
ing neutral potassium chromate as indicator. Let :: stand for the

number of c.c. silver nitrate solution required. The percentage decom-
position of the h)-drochloric acid gas is then given by the expression

(\ x-v

, and the volume of air per i volume HCl by "i^^A L.

Should some other volume of gas, ;/, be aspirated instead of the 5 litres,

the constant, 43-53, must be altered to -^^— , assuming that the'^•'^•"
50x0-003645'

remaining operations are carried out exacth' as above, and that i litre

HCl at 50 and 760 mm. pressure weighs 1-624 gram.

Younger^ passes the gas through a solution of arsenious acid and
employs an aspirator which gives the weight of chlorine in unit volume
of the gases directly. The percentage of hydrochloric acid in the gas is

determined by titrating the resulting solution with silver nitrate. The
absorption is effected in a cylinder containing 100 c.c. of an aqueous
solution of arsenious acid, each i c.c. of which corresponds to 0-15432
grains ( = 0-01 g. chlorine). The charged cylinder is connected with the

bottle B (Fig. 140), containing about i g. potassium iodide dissolved in

water ; the arsenious acid solution is coloured blue by a very small

quantit)' of indigo-carmine.

^ / Soi. Chem. Lid., 1SS9, 8, S8.
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A cubic foot (0-0283 cub. m.) in capacity of the aspirator C is divided

into any convenient number of parts; for example, 112. One side of

the gauge glass D is calibrated to give the grains of chlorine per cubic

foot of gas, and the corresponding volume of gas aspirated is given

on the other side of the same lines. The liberation of iodine from the

potassium iodide solution and the simultaneous bleaching of the indigo-

carmine indicate the completion of the test, and when this occurs the

aspiration is interrupted and the readings taken. Thus, for example, if

the mark E represents i cubic foot and the water stands at this level on

the completion of the test, the readings indicate that i cubic foot of the

gas contains 15-432 grains of chlorine. Should

the water-level stand at the I cubic foot mark,

the presence of 30-864 grains chlorine per cubic

foot of gas is indicated by the scale, and so on.

The hydrochloric acid is determined by

titrating 10 c.c. of the arsenious acid solution

with A710 silver nitrate solution. Should the

gases be free from h}'drochloric acid the sih'er

nitrate necessary for titration will be 2S-2 c.c,

this volume corresponding to the hydrochloric

acid derived from the chlorine absorbed. An}-

volume over and above this 282 c.c. corresponds

to the h}-drochloric acid present as such in the

gases.

The iodine liberated in the potassium iodide

bottle generally indicates about o-2 to 0-3

grains of chlorine. The potassium iodide bottle

is not necessary as an indicator for the com-

pletion of the reaction ; its main function is to fig. uo.

show that the aspiration is not carried out too

rapidl}', and that no chlorine passes unabsorbed through the arsenious

acid solution.

In a subsequent communication ^ Younger gives the following

particulars for the analysis of Deacon gases : A measured \olume of the

gas is drawn first through weighed bottles containing concentrated

sulphuric acid, the gain in weight giving the moisture present ; secondlx',

through a tube containing a solution of arsenious acid, to arrive at the

chlorine and h}-drochloric acid content, as above ; and finall)% through an

apparatus in which the oxygen ma)' be absorbed and measured.

The following example, showing the methods of calculating the

results, is taken from Winkler,- the data for the gases being corrected

to the real litre weights. The free chlorine was determined b)- an

arsenious acid solution, of which i c.c. =0-0025 g. CI, and the total

' yi Soc. Chem. hid., iSgo. 9, 159. - Industrie Case, vol. ii., p. 317.
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chlorine by a silver nitrate solution, of which also i c.c. = 0-0025 g. CI.

The following volumes of these solutions were consumed per litre of

unabsorbed gas. Fifty c.c. arsenious acid solution = 50 x -0025 =0-125 g.

free chlorine, and 100 c.c. silver nitrate solution = 100 x 0-0025 =0-25 g.

total chlorine. The extent of the decomposition is given by the

equation :

—

0.250 : 0.125 = 100 : AT,

x= 50,

or a 50 per cent, decomposition had been effected. These two deter-

minations thus give the decomposition value and the ratio between the

chlorine and hydrochloric acid present in the gas.

Should it be desired to ascertain the volume percentage of the two

gases leaving the Deacon decomposer, it is necessary to calculate to c.c.

the ascertained weight of free chlorine, and of hydrochloric acid. One
c.c. 01 = 0-003219 g., consequently the 0-125 g. CI found correspond to

40-2 c.c. CI, which is the volume present per i litre of non-absorbable gas.

To calculate the volume of the hydrochloric acid present, since its

weight corresponds to half that of the total chlorine in the gases, it is,

=^1^ = 0.125 g. CU0.1285 g. HCl.

One c.c. HCl weighs 0-001641 g. ; therefore :

—

0.1285 g. = 78-3 c.c. HCl

per litre of non-absorbable gas. The gas lcavi)ig tJic decomposer thus

possesses the following composition :

—

1000 c.c. oxygen and nitrogen,

7'^'Z .<i
hydrochloric acid gas,

40-2 „ chlorine
;

or, expressed in percentages by volume :

—

89-40 vol. per cent, oxygen and nitrogen,

7-00 „ „ hydrochloric acid gas,

3-60 ,, ,,
chlorine.

2. The percentage by volume of Hydrochloric acid gas in the

gases before entering the decomposer is arrived at from the total

chlorine as follows.

The total chlorine found, namely 0-250 g., corresponds to 0-257 g. or

156-6 c.c. HCl. Consequently the gases entering the decomposer

correspond to :

—

looo.o c.c. air,

156.6 c.c. HCl,

which gives 13-60 volume per cent. HCl.^

It is usual to simplify the calculations as far as possible, and such

1 Tills leaves out of account the oxygen which has interacted with the HCl, and assumes that

there is no leakage into the decomposer (Como}').
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simplification does not affect the result to any great extent. For

example, the weight of i c.c. chlorine may be rounded off to o-CK)32 g.,

and that of i c.c. HCl gas to o-ooi6, thus saving trouble in calculat-

ing the inactive chlorine to hydrochloric acid ; that is, the weight of i c.c.

HCl is taken to be one-half that of i c.c. of chlorine. If these simplifica-

tions be introduced in working out the above example, the following

values are obtained :

—

For the Gases leaving the Decojiiposcr.

o.i2q £. active chlorine , , /• . , r n
=i-S! = ^Q.oo c.c. = 5.49 vol. per cent, (mstead of ^.bo)

.0032
" --r/r >. ^ J

0.12; g. inactive chlorine „ , , ,- , r s^-^ = 78.12 c.c. = D.gq vol. per cent, (uistead of 7.004)
.0016

7 r V / -ry

For the Gases enterhig the Deeouiposer.

0.2150 or. total chlorine .
, ,^^. (instead of

•^
- --, = ic;6.2t; c.c. = I ^. SI vol. per cent. HCl ^ ^ ,

0.0016 ^ ^ ^ ^ ^
13-60).

It is unnecessar}' to make any corrections for temperature and

pressure, since the errors from this source are throughout essentially of

the same magnitude, and the results obtained are therefore sufficiently

comparable.

3. Carbon dioxide.—The estimation of this gas is important in the

examination of Deacon gases, since the presence of any appreciable

amount in the chlorine renders the production of high-strength bleach

impossible.

Hasenclever's method ^ of estimation consists in passing a measured

volume of the gas (previously freed from hydrochloric acid b\- bubbling

through a wash-bottle containing water) through an ammoniacal solution

of barium chloride. x-\fter the absorption is complete the solution is

heated, the barium carbonate filtered off and thoroughly washed with

boiled water. The washed precipitate is then either ignited and weighed,

or dissolved in h}-drochloric acid and converted into barium sulphate.

The weight of carbon dioxide in the gas is calculated from the weight

of precipitate obtained (i g. BaS04 = 0-1885 g. CO.,), and compared
with the volume of gas, say 20 litres, collected in the aspirator.

According to Sieber,"- this method is only applicable to dilute gases

containing not more than 10 per cent, of chlorine, a condition always

satisfied by Deacon gases. In the case of more concentrated gases, such

as electrolytic chlorine, which may contain carbon dioxide arising from

the carbon electrodes used, the method is unsuitable, owing to the solu-

bility of barium carbonate in barium chloride. The object of -boiling

the solution before filtering off the barium carbonate is to destroy any
carbamate present in the liquors. It is also possible to determine the

^ Cf. Winkler, loc. cit,, p. 36S. - Chein. Zeit., 1S95, 19, 1963.
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carbon dioxide by absorbing the gases with sodium hydroxide solution,

destroying the sodium hypochlorite formed by addition of sodium
arsenite, and then liberating the carbon dioxide by means of sulphuric

acid. This method is, however, inconvenient, since it necessitates a

previous determination of the carbon dioxide in the various reagents

employed ; it is also uncertain, when only small amounts of carbon
dioxide are present. A better plan is to absorb the gases in sodium
hydroxide solution of known carbonate content, to decompose the

sodium hypochlorite by boiling with cobalt oxide, and then to decompose
with sulphuric acid, passing the liberated carbon dioxide through a

solution of potassium iodide previously saturated with carbon dioxide

and air, to retain any traces of chlorine carried forward. The purified

gas is then collected in a cooled potash bulb, and weighed.

In this connection Lunge ^ remarks that the gas must, of course, be

dried beforehand, and that the process, in addition to being very com-
plicated, is quite unreliable for the determination

of small quantities of carbon dioxide, especially

on account of the necessity of working with a

solution of potassium iodide saturated as above.

It is both simpler and more accurate to absorb

the gas in sodium hydroxide solution, to decom-
pose the hypochlorite completely by boiling with

ammonia, and then to estimate the carbon dioxide

in the ordinary way either by liberating the gas

(p. 149) or by the barium chloride method (p. 72),

Treadwell - makes use of the burette shown in

Fig. 141, for estimating the carbon dioxide in

electrolytic chlorine. The burette is of the Bunte

type, and is provided with a levelling tube. The
capacity of the burette, from tap to tap, must be

accurately determined, the most suitable capacity

being looc.c. The burette B should be thoroughly

dried before making a determination, and the

chlorine gas to be examined should, after drying

by passing through a calcium chloride tube, be

allowed to flow through the burette for from five

to ten minutes before closing the taps. At the

end of this time the lower three-way tap a is closed, then the upper

two-way tap l\ and the temperature and barometric height noted.

The lower tap is then connected by the rubber tube to N, which is

filled with a 5 per cent, solution of sodium hydroxide
; a is then turned

so as to connect X with the outside air, as shown in the figure.

As soon as the liquid flows through the tap, the latter is closed,

^ Handbuch der Sodaiiidustrie, vol. iii., p. 69^!. - Analytical Cheinistij, vul. ii., p. 614.

I^A^
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N raised, and the tap a turned so as to allow a little of the solution to

enter B. The tap a is then closed, and the burette suitably inclined so

that its walls are thoroughl\- wetted with the solution
; this promotes

the rapid absorption of the chlorine and carbon dioxide. The opening

and closing of the tap a and the movement of the burette is repeated

several times until absorption is complete. When all the chlorine and

carbon dioxide have been absorbed, the tubes B and N are adjusted to

the same level, and the volume of unabsorbed gas (oxygen, nitrogen,

carbon monoxide) read off. As a rule, the residue onl\- amounts to from

0-5 to I per cent.

To estimate the chlorine, the funnel on the top of the burette is first

washed out with water, in order to remove any small quantity of

chlorine that ma\' remain from the introduction of the sample, the tap

a closed, and the solution in X run out into a beaker through the side

connection oi a\ \ and the rubber tubing are then disconnected and

washed out. The contents of the burette are transferred to the same
beaker and the burette well washed with water, added through the

funnel. The absorbed chlorine is titrated with arsenious acid. One
hundred c.c. Njio sodium arsenite solution are added (this quantity

will always be found sufficient), then phenolphthalein, followed by hydro-

chloric acid till the red colour first disappears, and the excess of

arsenite solution determined by titration with iV/io iodine solution,

starch solution being used as indicator. The number of c.c. of chlorine in

the gas, measured dry at o" and 760 mm., are obtained by multiplying

the number of c.c. of arsenite solution consumed by M015. The
value so obtained must be recalculated, to give the volume at the

temperature and pressure at which the gas was measured. The carbon

dioxide is obtained as the difference between the chlorine and the total

gas absorbed.

This method is subject to the error that appreciable quantities of

chlorate are formed in the absorption of the chlorine, and the results are

always from 07 to 077 per cent, too low.^ Treadvvell and Christie-

have accordingly modified the process by first absorbing the chlorine

with an alkaline arsenite solution free from, carbonate, and then the

carbon dioxide by alkali hydroxide. The arsenite solution is made by

dissolving 4-95 g. of arsenious oxide in dilute potassium hydroxide

solution, adding phenolphthalein, exactly neutralising with sulphuric

acid, and diluting to i litre. One hundred c.c. of this A^io solution are

introduced into the burette through the tap a, for the absorption, and

subsequently 10 c.c. of a i :2 potassium hydroxide solution through the

funnel above b. After taking the readings, the solutions and washings

are collected, phenolphthalein added, and the whole neutralised with

hydrochloric acid ; 60 c.c. of sodium bicarbonate solution (40 g. per litre)

^ Z, angeu: C/ieni., 1905, 18, 1930. - Ibid.
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are then introduced, and the excess of arsenite sokition titrated with

tV/ I o iodine solution and starch. One c.c. iV/io sokition = 0-003 545 g-

CI, or M015 c.c. N.T.P. The carbon dioxide is determined by differ-

ence, as above.

Correct results may also be obtained if two samples of the gas are

taken at the same time in a couple of Bunte burettes arranged in series,

the gas in the first being treated with sodium hydroxide solution as

above, and that in the second with a solution of potassium iodide, and
the chlorine estimated by titrating the liberated iodine with standard

arsenite or thiosulphate solution. Each i c.c. N'/io solution required

corresponds to 0-003545 g-j or M015 c.c. dry chlorine measured at o' and

760 mm. The volume under these conditions is calculated to the

volume under the conditions of analysis by means of the formula

760(273 -\- 1^
-, „ -—

^ where /stands for the tension of aqueous vapour at the tem-

perature /''
; or the Tables VT., VII., and VIII. (Appendix) may be used.

The carbon dioxide is arrived at as the difference between the volumes

absorbed in the two burettes. It can also be determined directly in a

single burette by introducing exactly 45 c.c. Nf^ sodium hydroxide

solution the carbonate in which has been determined, as described below

(p. 514). These 45 c.c. are placed in the funnel of the burette after the

sample has been collected, and as much as possible allowed to enter the

burette ; the whole is then shaken. From 5 to 10 c.c. of a neutral 3 per

cent, solution of hydrogen peroxide are added to decompose the sodium

hypochlorite, the burette again shaken, the contents run into a 200 c.c.

flask, the burette well washed with water free from carbon dioxide, and
the solution made up to 200 c.c. Fifty c.c. of this solution are taken

for the determination of the carbon dioxide which may be carried out

very accurately by the Lunge and Marchlewski method (p. 149), or suffi-

ciently accurately, for most purposes, by adding sodium chloride and

phenolphthalein and titrating with 7V^/5 hydrochloric acid at a tempera-

ture slightly above 0°.^

Treadwell and Christie- have modified this method as follows:

—

The chlorine is absorbed by a 5 per cent, solution of potassium iodide,

then the carbon dioxide by 10 c.c. of potassium hydroxide solution, and
the total volume of absorbed gas determined. The excess of hydroxide

converts the liberated iodine into iodide and iodate. The liquid from

the apparatus is then run into a beaker containing 10 c.c. of strong

hydrochloric acid, when the iodine is again liberated, and is titrated

with thiosulphate. The results are accurate, but the method presents

no advantage over the arsenite method as described above.

Lunge and Rittener" absorb the chlorine in a Bunte burette with

^ Cf. Offerhaiis, Z. angeiv. Chein., 1903, 16, 1033. '^ Ibid., 1905, 18, 1930.

^ Z, angeiv, Chem., 1906, 19, 1853.
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an iV'io solution of sodium arsenite and then the carbon dioxide with

sodium hydroxide
;

the unchanged arsenite is titrated back and the

carbon dioxide obtained by difference from the vohime of total

absorbable gases found. The details of the method are given on p. 514
The above methods are of considerable importance in the analysis of

electrolytic chlorine. Xourisson ^ examines such chlorine in an Orsat
apparatus by first absorbing the chlorine by stannous chloride, then the

carbon dioxide by a solution of sodium hydroxide, and finally the

oxygen by metallic copper and ammonia solution. Schloetter- absorbs

the chlorine by hydrazine sulphate, each 2 volumes of chlorine absorbed
liberating i volume of nitrogen, and subsequently the carbon dioxide by
sodium hydroxide solution.

4. Moisture in the Deacon gases may be determined when neces-

sary by inserting a U-tube filled with pumice moistened with concen-

trated sulphuric acid, or a bulb apparatus containing sulphuric acid,

between the gas main and the absorbing bottle for the chlorine and
hydrochloric acid, and determining the gain in weight. It is essential to

drive all chlorine and hydrochloric acid gas out of the absorbing tube

before weighing, by passing a current of dry air through the U-tube for

a sufificient time ; also it is advisable to insert a second weighed sulphuric

acid tube behind the drying apparatus during the operation.

IV. The Manufacture of Bleaciiixg Powder

The method of examining the lime used in filling the chambers has

already been described (p. 484). The main point to be attended to in

the manufacturing operation is the strength of the bleach, which must be
brought to a specified standard. This is controlled by analysis ; the

various methods available are described under " Finished products

"

(p. 499). It is, of course, essential that the sample drawn from the

chamber should be representative of the bulk.

The chambers must not be opened until it has been ascertained that

this may be done with safety to the workmen, and without giving rise to

undue nuisance.^ Before the chamber is opened, the chlorine present

in the gas space must not exceed 5 grains per cubic foot (=11-5 g. per

cubic metre) ; this limit was agreed to by manufacturers about twenty

years ago, but the present practice is to restrict the limit to 2I grains

per cubic foot.

The determination of the chlorine present in the chamber atmos-

phere may be carried out in an Orsat apparatus, the simplified form

described by Fleming-Stark,* Fig. 142, being especially suitable.

The burette a is filled with water and connected by means of a

^ Chem. Zeit., 1904, 28, 107. "
Cf. Lunge, Sulphuric Acid attd Alkali, vol. iii., p. 458.

2 Z. angew. C/iem., 1904, 17, 301. *
J. Soc. Chem, Ind., 1885, 4, 31 1.



49G THE CHLORINE INDUSTRY

rubber tube witli the reservoir h, a tap c being inserted between the two.

This tap is provided with two passages at right angles to each other, the

one of snnall and the second of large diameter. This arrangement

allows of a strong flow of water when filling the burette, and of a

diminished flow when the gas is forced into the absorbing solutions.

The four tubes d are filled

with an aqueous solution of

potassium iodide, and each

may be connected through

a corresponding glass tap

with the burette. Each
absorption tube is pro-

vided with a double-bored

stopper, and a tube reach-

ing almost to the bottom

of the absorption vessel

passes through one of these

openings. This tube is

narrowed at its lower end,

so as to break up the gas-

FiG. 14-2. bubbles entering the ab-

sorbing solution, and at its

upper end is connected through the tube c with the bleaching powder
chamber. The tube passing through the second opening in the stopper

is cut off just below the stopper, and serves to connect the absorbing

vessels with the burette. A small wash-bottle containing potassium

iodide solution and starch is inserted between the absorption tubes and
the burette. The two-way tap g^ provided between the wash-bottle and
the burette, permits the air to escape during the filling of the burette

without passing through the wash-bottle.

In using the apparatus, 387-7 c.c. of gas, as measured in a, are drawn
through one of the absorption tubes d\ the solution in the wash-bottle

affords an absolutely safe indication of the completeness of the chlorine

absorption. The contents of d are then washed into a beaker, and

titrated with A710 sodium arsenite solution. The grains of chlorine per

cubic foot are obtained by multiplying by 2 the number of c.c. of arsenite

solution so required.

The Government inspectors make use of the simple apparatus shown
in Fig. 143.^ A is an ordinary rubber pressure ball of about 100 c.c.

capacity, provided with a small hole, B, in the mouthpiece. The end of

the mouthpiece passes through one of the two holes in the cork C, a

glass tube, D, bent at right angles passing through the second. This

latter tube reaches nearly to the bottom of the cylinder E, and is

^ Lunge, Sulphuric Acid and Alkali^ vol. iii., p. 458.
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Fig. 143.

narrowed down at the lower end, so that on!)' a very fine needle can be

inserted. The cylinder E is filled with the solution described below, and

the outer end of D is inserted in an opening in the

bleach chamber at a height of 2 feet above the floor.

To take a sample of the chamber gas, A is com-

pressed, the hole B being covered by the finger, and

the pressure then released ; by the expansion of the

bulb the gas in the chamber is drawn through the

tube D and the solution in E. The operation is

repeated until the solution in E becomes coloured

through separation of iodine, and the number- of

aspirations required to cause this is noted. Each
delivery of the bulb corresponds to 4 ozs. (about

100 c.c), or -oiy of a cubic foot. The solution em-

ployed is prepared by dissolving 0-3485 g. of arsenious

acid in sodium carbonate, neutralising with sulphuric

acid, adding 25 g. of potassium iodide, 5 g. of precipi-

tated calcium carbonate, 6 to 10 drops of ammonia,

and diluting the whole to i litre. Twenty-six c.c. of

this solution are employed for each test, and a little

starch solution is added as indicator. Under these

conditions five deliveries of the bulb will produce a

coloration when the gas contains 5 grains of chlorine per cubic foot, ten

deliveries when the chlorine content is only 2 J, grains per cubic foot, and

so on.

V. The Manufacture of Pota.ssium Chlorate

In the old process of manufacture, in which a warm solution of milk

of lime is treated with chlorine, the methods of examining the lime and

milk of lime are those already described (p. 484). The resulting liquor

must be examined for its content of chlorate, since this is the basis on

which the potassium chloride necessary for conversion into chlorate is

calculated, and further for the percentage of calcium chloride present, as

a check on the working of the process.

Determination of the Chlorate.—Two c.c. of the liquor are measured

off with an accurate pipette and boiled, after the addition of a little hot

water and a drop of alcohol, to remove any dissolved free chlorine. A
flask fitted with a Bunsen valve or Contat bulb (Fig. 39, p. 106) is used

for the test, but the valve is not inserted during the above preliminary

heating. The complete removal of chlorine is indicated by the disap-

pearance of all smell of chlorine and of the red colour. The flask and

contents are allowed to cool, 25 c.c. of the acid ferrous sulphate solution

(corresponding to a c.c. A72 permanganate solution) described on p. 485,

added, the whole boiled fur ten minutes, and the valve inserted. When
2 I
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cold, the solution is titrated with A72 permanganate solution, b c.c, say,

being necessary to produce the coloration. The chlorate contained in

I litre of the liquor will then be 5-105 {a- b) g. calculated as KCIO3, and
the potassium chloride theoretically necessary to convert the calcium

into the potassium salt will be 3-106 (c? —b) g. per litre,^

The chlorate remaining in the mother liquors is similarly determined.

The chlorate may also be determined by Bunsen's method, namely,

boiling with strong hydrochloric acid and absorbing the liberated

chlorine in a solution of potassium iodide ; the method is, however, no
more advantageous in this case than in that of manganese ore (p. 478).

Rasenack- describes a method which consists in precipitating the

chloride present by addition of silver nitrate, reducing the chlorate in

the filtrate by means of zinc, and titrating the resulting chloride. This

method is much more troublesome than the above, and the same may be

said of all other reduction methods depending on the estimation of the

chloride produced. An iodometric method has been proposed by de
Koninck and Nihoul.^

Other methods for the determination of chlorates are described

on p. 511.

Calcium chloride.—The chloride (calcium chloride) in the liquors

is estimated as follows:— i c.c. of the liquor is treated as above, to

destroy free chlorine, until the red colour disappears, a little neutral

potassium chromatc added, and the solution titrated with Ay 10 silver

nitrate solution, as described on p. 123. Each i c.c. of the silver nitrate

solution corresponds to chlorine equivalent to 7-46 g. KCl per litre.

Should it be necessary to determine the free Chlorine and Hypo-
chlorite present in the liquor, a measured volume of the latter is

allowed to flow^ into an excess of potassium iodide solution and the

iodine liberated determined by titration with thiosulphate. It is not

permissible to add sodium carbonate to fix the chlorine before adding
the potassium iodide, since, owing to the formation of iodic acid and
to the oxidation of the thiosulphate, too much iodine is then required.*

The " bleaching . chlorine " may, however, 'according to Pontius, be

titrated directly with potassium iodide solution after addition of sodium
bicarbonate ((/! p. 503).

The titration may also be carried out by Tenot's method, described

under bleaching powder, by addition of sodium arsenite solution, until a

drop of the titrated liquor ceases to produce a blue colour on potassium

iodide starch paper ; or the arsenite solution may be added in excess

and titrated back with iodine solution.

1 Cf. also, Rosenbaiim, Z. aiigeu: C/ieiii., 1893, 6, So.

- Dainmer, Lexikon der Verfdlschungen, p. 423.
'' Z. angew. Cheiii., 1890, 3, 77.
* Friedheiin, Z, anorg, C/iem., 1893, 4, 145.
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FINISHED PRODUCTS

I. Bleaching Powder

Owing to the unstable nature of this substance, very special attention

must be given to the collection and preservation of the samples.

Exposure to air and to daylight is very prejudicial ; exposure to sun-

light still more so. The samples are drawn from the separate casks by

a suitable auger (p. 13), and placed one after the other in a wide-

mouthed bottle, which must be closed immediately after each portion

has been introduced. The mixing and filling into the separate sample

bottles, together with the sealing up of the latter, is performed as

rapidly as possible in the manner prescribed on p. 11. The samples

must be kept in a cool, dark place prior to testing, and the tests should

be made without delay.

The technical analysis of bleaching powder is confined to the deter-

mination of the " available " or " bleaching " chlorine, that is, to the com-

pound CaCl(OCl) which splits up into Ca(OCl)o and CaClo on solution

in water, and consequently shows the reactions of a hypochlorite. The
quantity of available chlorine present is, in England and America,

always expressed as percentage b}- weight on the bleaching powder, and

the same method is usually followed in Germany and most other

countries. In France, however, and to a certain extent in other

countries, the strength is quoted in terms of Ga}--Lussac degrees, which

indicate the number of litres of chlorine gas, reduced to o and 760 mm.,

capable of being evolved from 1000 g. of bleaching powder. The
following table shows the relationship between the English and P^rench

defjrees.

French
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available chlorine corresponding to various specific gravities of bleaching

powder solutions.

Specilic Gravity
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according to Dcniges, very suitable for titrating commercial h)-pochlorite

solutions (Eau dc Javel) when these are coloured pink through presence

of permanganate. In this case the small amount of permanganate

present is first decomposed by the arsenious acid solution. The
estimation is carried out in the usual manner b\' adding a few drops of

concentrated potassium bromide solution to lo c.c. of the bleach solu-

tion, and titrating the arsenious acid with this solution until a permanent
faint yellow coloration is obtained.

Graham's Ferrous sulphate method.—This method, formerly in

general use in England and Germany, is no more accurate than the

above and is, moreover, distinctly inconvenient to carry out. It depends

on the oxidation of ferrous salts by bleaching powder in acid solution.

3-9 g. of crystallised ferrous sulphate, EeSO^ 7H.,0, which require for

complete oxidation 0-5 g. of chlorine, are dissolved in 50 c.c. of water

acidified with sulphuric acid, and titrated with a mixture of 5 g. of

bleaching powder and 100 c.c. of water until a drop of the solution

ceases to give the ferrous iron reaction when added to a drop of

potassium ferricyanide solution. Ferrous ammonium sulphate, which

has been strongly recommended by Mohr in place of ferrous sulphate, is

quite unsuitable for this test, as a portion of the chlorine is used up in

decomposing the ammonia (Biltz).

All methods of bleaching powder analysis must, according to general

commercial practice, permit of the determination not only of the

chlorine in the solution, but also of that present in the insoluble matter,

since the latter too exerts a bleaching action. The insoluble matter

must be uniformly distributed through the solution so that the whole
forms a uniform thin cream. Hence all methods similar to the above,

in which the bleaching powder cream is run in from a burette, are neces-

sarily inaccurate, since the distribution of insoluble matter can never be

uniform under such conditions. This source of error is avoided in the

following methods.

The sample is prepared for analysis by triturating it with water to a

thin cream. The grinding should be extremely intimate, and neither too

much nor too little water should be used in the operation. The triturated

cream should not contain so little water that the bleaching powder
.separates out again in lumps while being washed into the litre flask ; if

this does occur, more water must be added to the cream first prepared,

and the whole again triturated for a short time in the mortar. When
the operation has been properly performed, the cream will readily mix
on shaking with the further water added in the litre flask.

Bunsen's lodometric method depends on the separation of an
amount of iodine equivalent to that of the available chlorine, when a

bleach solution and potassium iodide are treated with hydrochloric acid.

The iodine liberated remains dissolved in the excess of potassium iodide
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present, and is titrated with Njio sodium thiosulphate solution (p. 117).

If I g. of bleaching powder be taken for the titration, the percentage of

available chlorine contained in the bleach is found by multiplying the

number of the c.c. of thiosulphate required by 0-355. The titration

should be performed rapidly to prevent loss of chlorine, and any con-

siderable excess of hydrochloric acid must be avoided. It is best to

prepare the cream with i g. of bleach and about 100 c.c. of water, and to

add to this 2 to 3 g. of potassium iodide and about 10 drops of hydro-

chloric acid, and to stir once quietly with a glass rod so as to distribute

the separated iodine evenly throughout the solution. The thiosulphate

is then added rapidly and without stirring until the colour of the solu-

tion has been reduced to a faint yellow, starch solution added until the

colour becomes deep blue, and the titration continued slowly and drop

by drop to completion.

When carefully carried out, the method gives accurate results but

great care is necessary, and in no case arc the results better than those

obtained by Penot's method. The method is consequently but seldom

employed in the works, more especially as the consumption of potassium

iodide renders it expensive. Wagner's proposal to utilise the decolor-

ised solutions as a solvent for the iodine is not practicable, partly owing

to the dilution and partly for other reasons.

A very disturbing effect that frequently occurs in this method, is a

rapid reappearance of the blue colour; in the case of impure solutions

this often makes it impossible to determine the end-point of the reaction.

R. Schultz ^ has found that such cases are of very common occurrence in

determining the excess of bleaching powder in disinfected waste liquors,

and that the effect is to be ascribed to the presence of oxidising sub-

stances such as ferric oxide and calcium chlorate. According to Schultz,

very satisfactory results may be obtained, if instead of hydrochloric acid,

acetic acid be added to the mixed waste liquor, together with potassium

iodide solution and the resulting solution titrated with thiosulphate.

In the case of strongly coloured liquors, the end-point is judged by

comparing the colour of the titrated solution with that of the original,

diluted to an equal bulk.

Bunsen's Distillation method is even less acceptable than the

above for technical work. It consists in decomposing the bleaching

powder with hydrochloric acid, in a flask, driving off the chlorine by

boiling the mixture and passing the evolved gases into a solution of

potassium iodide contained in an inverted retort, the liberated iodine

being determined by titration. Any chlorate present in the bleach will

of course give rise to chlorine by this method. Fogh - has devised an

apparatus entirely of glass with ground-in parts for the determination.

1 Z. avgew. C/iei)i., 1903, 16, 833.

- Cf. Foersler and Jone,/./ra/7. Ckfiii., 1899, 59, 58.
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It has frequently been shown that the method possesses sources of
error,^ and in no case does the simplicity of the operation compensate
for the errors introduced. It is worthy of note that Bunsen - himself
never once used the distillation method in carrying out his classical

work on hypochlorites.

Pontius' Potassium iodide method.''—This consists in titrating

bleaching powder with potassium iodide solution after previous addition

of sodium bicarbonate. 7-09 g. of bleach are dissolved in water in the

usual manner and the cream diluted to 1000 c.c.
; 50 c.c. of the solution,

corresponding to 0-3545 g. of bleaching powder, are measured off, and
about 3 g. of solid sodium bicarbonate added to and dissolved in the

solution. One to two c.c. of starch solution are then added and the solu-

tion immediately titrated (before the liberated hypochlorous acid can

react with the starch solution) with Ay 10 potassium iodide solution until

the coloration, which is at first reddish brown, and then blue, no longer

disappears and the colour becomes a bright and permanent blue. The
reaction consists in the formation of potassium iodate from the mixture

of hypochlorous acid, sodium bicarbonate, and potassium iodide :

—

3CaOClo ( = 6C1) + 6NaHC03 + KI = KIO3 + sCaCOg + 6XaCl + 3CO, + 3K,0.

This process is also suited to the examination of bleaching solutions,

the hypochlorous acid in this case being liberated by addition of boric

acid. The method is especially applicable to the approximate deter-

mination of substances of quite unknown strength, and Lunge considers

it more convenient for this purpose than Penot's method ; the latter is,

however, more exact in all cases.

Penot's Arsenious acid method.—This method, which finds the

greatest acceptance in practice, is, whilst free from all sources of error,

both simple and easy of manipulation.'* The following details for carr}--

ing it out are recommended by Lunge.

An alkaline solution of Nlio sodium arsenite is employed in place of

the acid solution used in the Gay-Lussac method. The preparation of

this solution has been described on p. 122. In alkaline solution the

oxidation of arsenious to arsenic acid, which requires 4 atoms of chlorine,

per gram molecule, takes place smooth!}^ and without loss of chlorine,

the end-point of the titration being shown with extreme sharpness by

the blue coloration produced on iodised starch paper. An excess of

the arsenite solution may be added, if preferred, and such excess

titrated back with A710 iodine solution. This latter method is, how-

ever, seldom employed, since it necessitates the use of two standard

solutions and is in no way more accurate.

In carrying out the test, 7-09 g. of the thoroughly mixed bleach

' Cy. Winkler, Z. aiignv. Clieiii., 1903, 16, 33.
'' Chem. Zeit., 1904, 28, 54.

- Annalen, 1856, 86, 265. ^
J. prakt. Chem., 1896, 54, 59.
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samples arc ground in a porcelain mortar with a little water to a uniform

thin cream, diluted by addition of more water, and the whole washed

into a litre flask and made up to looo c.c. The lip of the mortar should

be greased on its under side with a little fat or vaseline, to facilitate the

transference of the liq,uid from the mortar to the flask. Fifty c.c. of the

thoroughly mixed solution ( = 0-3545 g. bleaching powder) are pipetted

off and transferred to a beaker, where they are thoroughly stirred, wliilst

the 7V/10 arsenite solution is run in until nearly the full quantity

expected to be required has been added. A drop of the solution is

then placed on filter paper which has been moistened with a little

potassium iodide starch solution. According to the depth of the blue

colour obtained (in presence of larger quantities of chlorine a brown

stain is produced), more or less additional arsenite solution is added and

the spotting repeated until the test paper remains white, or until only a

quite inappreciable coloration is produced. Each i c.c. of the arsenite

required represents i per cent, of available chlorine in the sample.

Suitable iodised starch paper for this test is prepared as follows :

—

One g. of starch is boiled with 100 c.c. of water, the solution filtered and

o-i g. of potassium iodide added to the filtrate. The filter paper is then

soaked in this solution and dried on a porcelain or similar plate at 40"

to 50". For the spotting test the paper should be moistened, as the

reaction is much cleaner and more delicate with moist than with dry

paper. Three or four pieces of the paper are spread on a glass plate and

any excess of water allowed to flow off; they are then ready for spotting.

The disappearance of the blue colour may be very sharply determined

if the glass plate is examined b}' transmitted light towards the end of

the titration.

Lunge's Gas-volumetric method.—Penot's method is so simple,

convenient, and accurate, that no other method is really needed. It is,

however, desirable to have an independent method, which may, when

required, be used as a check. Lunge's gas-volumetric method serves

this purpose. The h}'pochlorite is decomposed with h}-drogen peroxide

in a nitrometer or gas volumeter, and the volume of the oxygen

liberated measured. The reaction takes place according to the follow-

ing equation :

—

CaOC!,, + H,0, = CaClo + H.O + Oo.

That is, the volume of active chlorine present is exactly equal to the

volume of the oxygen liberated.^ The operation is carried out in a

nitrometer provided with a decomposition bottle, as in the analysis of

manganese ore {cf. pp. 137 and 479). The addition of acid, as recom-

mended by Vanino, is of doubtful value.-

1 Cf. Lunge, Chem. hut, 1885, 8, 168 ;
Z-Vr., 18S6, 19, 868

;
Z. aiigrw. Cliem., 1890, 3, 8

;

Baumann and Vanino, Z. angew. Chem., 1890, 3, 80, 186, 509.

^ Cf. Z, angew. C/ieiiu, 1890, 3, 136.
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The bleaching powder solution is advantageously prepared so that 25

C.C., the volume taken for the reaction, contain i g. of bleaching powder.

This will be the case if 20 g. of the bleach are triturated with water as

described above, and the resultant cream diluted with water to 500 c.c.

;

working with 25 c.c. of such a solution, each i c.c. of oxygen evoh'ed,

reduced to o' and 760 mm., equals 0-3166 per cent, of chlorine. The
test should be carried out with a bulb nitrometer graduated to 140 c.c.

Should it be desired to work with a smaller nitrometer, say of 30 to 50
c.c. capacity, only 5 c.c. of the above solution should be taken, in which

case each i c.c. of oxygen evolved will correspond to 5 x 0-3 166= 1-583 per

cent, of chlorine. A still more convenient plan is to dissolve 7-915 g.

of bleach in 250 c.c. of water, and to take 10 c.c. of the milky solution

for the test ; the percentage of available chlorine is then equal to the

number of c.c. of oxygen liberated. A 50 c.c. instrument can be used

under these conditions.

The hydrogen peroxide is introduced into the inner compartment of

the decomposition bottle, and rendered just alkaline by the addition of

a few drops of sodium hydroxide solution to prevent the evolution of

carbon dioxide; the bleaching powder solution is then placed in the

outer compartment. The shaking should only be continued for from

one to two minutes after mixing the solutions, and the volume of gas

evolved should be read off immediately and before any spontaneous
evolution of oxygen occurs. The addition of a considerable excess of

sodium hydroxide to the peroxide must be avoided, but it is safe to add
the hydroxide until the solution is distinctly alkaline and a flocculent

precipitate appears. This addition should, of course, be made to each
portion of peroxide immediately before the test. The hydrogen per-

oxide solution should not be too concentrated ; i c.c. treated with
excess of bleaching powder solution in the nitrometer should not give

more than 7 c.c. total oxygen. If it is too strong, a little water may be
added directly to the solution in the decomposing flask. A small excess

of water is immaterial, and it also makes no difference whether the

hydrogen peroxide is employed in considerable or only in small exces.s.

Baumann ^ has shown that in carrying out the gas-volumetric

method with h}'drogen peroxide it is very easy to obtain too high a

result when the hydrogen peroxide solution has been kept in a

stoppered bottle and has not been shaken before use ; under these

circumstances the thorough shaking necessary in the analysis may give

rise to the liberation of appreciable quantities of oxygen (from 0-5 to 2

mg. oxygen from 10 c.c. of hydrogen peroxide). This oxygen results

from the continuous, gradual decomposition of the peroxide and remains
dissolved in the peroxide solution, owing to the somewhat higher

pressure exerted in the stoppered bottle.

1 Z. aiigew. C/ieiii., 1891, 4, 450.
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The fear that the solid particles present in the milk)' bleach solution

might exert a catah-tic influence and thereby lead to high results, has

proved to be groundless. The oxygen can be collected over either

mercury or water.

According to Lunge, the gas-volumetric method of estimating bleach

always gives higher results than are obtained by Penot's method. As
the result of a very extended series of tests, he states that such excess

of available chlorine amounts on the average to 0-15, or at most 0-2

per cent. The cause of this difference has not }'et been definitely

elucidated.

Vanino's Hydrogen peroxide method.^— This is a volumetric

method (ur the anah'sis of bleaching powder based on the above reaction.

Fig. 144.

The bleaching powder is decomposed by adding an excess of hydrogen

peroxide, standardised by means of permanganate, and the undecom-

posed peroxide is titrated back. The method is more complicated than

that of Penot, and offers no special advantages.

» 1 Z. aiigi'Ti: ChfDi., 1890, 3, 83.
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Vanino^ recommends the following apparatus (Fig. 144) for the rapid

approximate determination of available chlorine. It is ver}- convenient,

and is adapted for use by workmen in bleaching works, etc. It is also

generally suitable for other tests in which an evolved gas is measured
when rapid approximate results are wanted.

The bleaching powder is weighed off on a hand balance, rubbed to a

cream with water, and introduced into the generating flask A ; the

solution of hydrogen peroxide is placed in c. The outlet tube, /,
of the gas-holder is best drawn out to a point, to reduce the tendency to

form air-bubbles. The gas-holder is filled with water, and before each

test the tube / is lowered so as to allow a few drops of water to

escape ; this tube must remain filled with water, both at the beginning

and at the end of each experiment. A measuring c}'linder is placed

under the outlet of the tube /. B)' opening the pinchcock at l\ the

hydrogen peroxide solution flows into the bleach solution and the

ox}'gen evolved displaces its own volume of water, which is collected in

the measuring cylinder. A certain time is allowed to elapse after each

test before the volume of water in the cylinder is read off The results

are calculated from Vanino's table (p. 508), the figures in which are for

the moist gas.

Weight of I c.c. Chlorine in milligrams {Vaniuo),

for barometric pressures from 700 to 770 mm. and for temperatures

from 10 to 25" C. :

—

rvalue of -^^-::^^ -^^^'^^ T
L 760(1-^0.00366/)-"

A deduction of i mm. must be made from the barometric reading at

temperatures from 10 to 12 , of 2 mm. at 13'' to 14 \ and of 3 mm.
at 20° to 25', so as to reduce the reading of the barometer to o".

If, for example, i-io g. of bleaching powder are taken for the test

and the volume of water collected, corresponding to the oxygen evolved,

measures 140 c.c. at lO' and 720 mm. pressure, the calculation is

made as follows. From the table the factor corresponding to 10^ and

720 mm. is 2-858; this multiplied b}- 0-140 the volume, expressed in

litres, of the water collected gives 0-400 as the weight in g. of the

chlorine contained in the i-io g. of bleaching powder, which, therefore,

tests 36-36 per cent.

^ Z. aiigew. C/ieni., 1 890, 3, 509.

- This table is based on the value 3. 1 6696 g. as representing the weight of i litre of chlorine,

whereas the correct figure according to the most recent determinations is 3-2 19. Consequently,

the whole of the values given in A^anino's table are 1-6 per cent, too low. Vanino has more

recentlj' (Z. «;/«/. C/ieni., 1902, 41, 539), extended the table to 30° and for the odd values for

the barometric pressure, within the above limits.
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Robert and Roncali ^ determine hypochlorites by measuring the

nitrogen evolved by decomposition with hydrazine sulphate.

The carbon dioxide present in bleaching powder is occasionally

determined. This may be done by decomposing the bleach with hydro-

chloric acid and passing the liberated chlorine and carbon dioxide into

an ammoniacal solution of calcium chloride (one part CaCU.6HoO, six

parts water, and ten parts aqueous ammonia, sp. gr. 0-96, mixed and
allowed to stand for some time in a similar manner to that described

on p. 430 for liberating the sulphuretted hydrogen from sulphides). The
chlorine reacts with the ammonia according to the equation :

—

8NH3 + 3CL = 6NH,C1 + No.

The reaction may be hastened by boiling the solution. The carbon

dioxide is converted into calcium carbonate, which is filtered off and
estimated in the usual manner.

The method devised by Lunge and Rittener (p. 514) is both more
convenient and more accurate.

n. Bleaching Solutions and Electrolytic Liquors

Bleaching solutions consist essentially of mixtures of hypochlorites

and chlorides, and in many cases also contain free hypochlorous acid.

The base may be calcium, potassium, sodium (in Eau de Javel and
"chloros"), or magnesium, zinc, etc. Whether such solutions be pre-

pared by the double decomposition of bleaching powder with various

salts, or by passing chlorine into milk of lime, sodium carbonate, etc., or

by the electrolysis of chloride solutions, the constituents are hypochlorite,

chloride, free hypochlorous acid, and chlorate, with bases such as the

alkalis or calcium ; the solutions may also contain carbonate in addition

to caustic alkali.

The same constituents are present in the liquors which result from

the electrolytic manufacture of caustic alkali or of chlorate, but in this

case the ratio between the various substances is very different from that

existing in bleaching solutions. The same methods of analysis are,

however, applicable in both instances.

James and Richey- have given a useful summar\- of the \arious

methods of analysis adopted in electrolytic works.

Available Chlorine.— In the case of bleach solutions the determina-

tion of the available chlorine is in most instances sufficient ; this is

carried out as described under bleaching powder, p. 499. Such available

chlorine may be due either to hypochlorites or to the free hypochlorous

acid. Since the bleaching value is very different according to whether

the h\-pochlorous acid is free or combined, a point on which the excep-

tionally great bleaching value of many liquors, especially electrolytic

1 Cliem. Ceiitr., 1904, I., 1294. - /. Amer. Cliein. Soc, 1902, 24,469.
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liquors, depends, it may be necessary to determine the quantity of free

hypochlorous acid accompanying the hypochlorite salts, in solution.

Insoluble substances or material remaining undissolved, such as zinc

oxide, calcium hydroxide, etc., may be taken to be without action on

hypochlorous acid. Thus (should the liquor be found to contain free

base in solution) free hypochlorous acid may be regarded as absent ; the

latter will only occur when all the basic material present has been

saturated by acid radicals, such as h)-pochlorous acid, chloric acid, hydro-

chloric acid, carbonic acid, sulphuric acid, etc. The various salts will,

of course, be more or less hydrolytically or electrol}'tically dissociated

according to the degree of concentration of the solution, but such dis-

sociation is without influence from the analytical standpoint.

Free Hypochlorous acid.—From the above considerations conclu-

sions can be drawn regarding the presence of free hypochlorous acid by
examining the solution, after filtering off from insoluble basic substances,

in the first place for total bases, and in the second place for chlorine

present as chloride (cf ijifra)^ carbonic acid, sulphuric acid, and if neces-

sary for such other acids as may be present, and further for "available

chlorine," that is, for chlorine present as h}'pochlorite. If calculation

should show that the quantity of base, the Na.,0, for instance, in the

case of a soda solution, is insufficient to neutralise the whole of the acids

found to form sodium chloride, sulphate, carbonate, and hypochlorite, it

may be concluded that free hypochlorous acid is present.

A much simpler method depends upon the fact that when a salt of

hypochlorous acid reacts with potassium iodide, two molecules of the

base are liberated, whilst in the case of free hypochlorous acid, only one

molecule of the base is set free :

—

NaOCl + 2 KI + H.,0 = NaCl -f- 2KOH + 1.,.

HOCl + 2X1 = KCl + KOH + 1.,.

Consequently, if the liberated iodine be removed by titrating the

solution with thiosulphate, the two products can then be distinguished

by titrating with standard acid. Any alkali carbonate present in the

original solution must, of course, be allowed for {cf. p. 516).

The separation of free hypochlorous acid by distillation, with or with-

out the addition of other acids, is too uncertain to be of value.

Lunge ^ has described a simple method for distinguishing between

free chlorine and hypochlorous acid, based on their reaction with a

neutral solution of potassium iodide; hypochlorous acid forms an alkali

hydroxide, whilst in the case of chlorine the solution remains neutral, as

shown in the following equations :

—

I. aOH + 2KI = KCl-FKOH + L.

2. C1.,+ 2KI = 2KC1-hL.

^ Chon. Ind., i88l, 4, 293.



BLEACHING SOLUTIONS 511

In the first case the liberated iodine reacts with the potassium

hydroxide to produce v'arious compounds, especially potassium iodate
;

this ma.y, however, be prevented by adding, at the start, the requisite

quantity of hydrochloric acid to convert the free alkali into potassium

chloride. If the quantity of acid added be known, it is then only neces-

sary to titrate with standard alkali. The reactions in acid solution

are :

—

la. CiOH + 2KI + HCl = 2KCI + 1, + H.,0.

2a. CI., + 2KI + HCl = 2KCl + To + Hd.

That is, in the case of hypochlorous acid one molecule of h)'drochIoric

acid is neutralised for each molecule of hypochlorous acid reacting with

potassium iodide, whilst in the case of chlorine the h}-drochloric acid

added remains unchanged. If then, the solution be first titrated with

N/io thiosulphate solution, and then with N/io sodium h}-droxide solu-

tion, in la the volume of thiosulphate solution used will be equal to

twice the difference between the number of c.c. of iV/io alkali necessary

to neutralise the full quantity of acid originally added and that now
required to neutralise the excess of free acid. In 2c?, no such difference

will occur. For intermediate cases it is easy to calculate the ratio

between the hypochlorous acid and chlorine, since for each i c.c. iVJ 10

hydrochloric acid neutralised, 2 c.c. iV/io thiosulphate must be allotted

to hypochlorite.

This method is difificult of application in the presence of free alkali

or alkaline carbonate, but in such cases free chlorine is hardly likely to

be present.

Chlorates may be estimated by first determining the available

chlorine according to one or other of the methods described on p. 500,

and then determining this and chlorate-chlorine together, by boiling

with ferrous sulphate and titrating back the excess of the latter with

permanganate, as described on p. 497. The difference between the two
figures so obtained gives the chlorine present as chlorate. The chlorine

present as hypochlorite and chlorate may also be determined iodometri-

cally, by boiling with strong hydrochloric acid and collecting the evolved

gas in potassium iodide solution (c/. p. 502).

According to Winteler/ the latter method is very inexact, but results

accurate to within o-i to 0-2 per cent, are obtainable by the ferrous

sulphate method, provided the solution containing the hypochlorite and
chlorate be added to the measured excess of ferrous sulphate solution

and the mixture be allowed to stand for several minutes before heating,

air of course being excluded.

The direct method due to Fresenius - is preferable to the above, but

it is somewhat more troublesome. The solution to be tested is treated

with an excess of neutral lead acetate solution ; a precipitate is formed

1 Z. angeu: C/iem., 1903, 16, 33- " ^bid., 1S95, 8, £01.
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which gradually turns brown with liberation of chlorine, and which con-

tains a quantity of lead peroxide corresponding to the hypochlorite

present :

—

Ca(OCl), + PbCl., = PbO,, + CaClo + C\,.

The solution is allowed to stand for eight to ten^hours, with frequent

agitation, until all smell of chlorine has disappeared. The chlorine

liberated reacts with the lead acetate solution to form lead chloride, lead

peroxide, and free acetic acid. The precipitate, consisting of the peroxide

and chloride of lead, is filtered off and washed, the filtrate and washings
concentrated by evaporation, and the contained lead and calcium pre-

cipitated by addition of sodium carbonate in slight excess ; the filtrate,

which then contains the chlorate as the sodium salt, is evaporated
and its chlorate content determined (p 497.).

For liquors which contain a large amount of hypochlorite together

with chlorate, as is the case with electrolytic and other bleaching

solutions, Ditz and Knopflmacher ^

recommended estimating the chlorate

iodometrically by decomposition at

the ordinary temperature with strong

hydrochloric acid and potassium brom-

ide. The process has recently been

modified by Ditz - as follows ; the

method is also suitable for the exami-

nation of chlorate liquors. The appar-

atus employed is shown in Fig. 145.

The bottle a has a capacity of about

1 500 c.c, and may be closed either by

the stopper />>, or by the headpiece c, as

shown in the figure. The latter is

provided with a dropping funnel, d, and

with an absorption tube, c.

The volume of chlorate solution

used for a determination should be such

as to contain approximately O-i g. of

Should it be necessary to estimate the

chlorate in a mixture containing both chlorate and hypochlorite, the

volume taken for analysis should be so regulated that the total con-

sumption of Ay 10 sodium thiosulphate solution will be between 40 to

50 c.c. The measured volume of chlorate liquor, together with 10 c.c.

of a 10 per cent, potassium bromide solution, are introduced into the

bottle, and after the absorption tube has been filled to two-thirds of

its height with a 5 per cent, solution of potassium iodide, concentrated

hydrochloric acid is added from the dropping funnel d. If the volume

1 Z. aiigew. Cheiii., 1899, 12, 1 195. " Cheiii, Zeil., 1901, 25, 727.

Fio. 145.

chlorate, calculated as KCIO...
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of the chlorate solution does not exceed 25 c.c, 50 c.c. of acid are

added, and proportionately more if more than 25 c.c. are required for

the analysis. The liberated bromine is absorbed by the potassium

iodide in e ; to prevent the solution being sucked back into a, the

stopper on the exit-tube of e is inserted. After the whole has been

allowed to stand for five minutes, from 500 to 600 c.c. of distilled water

are introduced through the dropping funnel, followed at a moderate rate

by about 20 c.c. of the 5 per cent, potassium iodide solution. If more than

50 c.c. of hydrochloric acid have been used for the decomposition, pro-

portionately more water must be added. The mixture is well agitated,

the contents of the absorption tube blown over into a, the tube together

with the headpiece thoroughly washed, the latter replaced by the glass

stopper, and the liberated iodine determined by titration with N^io
thiosulphate solution. If i c.c. of the thiosulphate solution equals a g.

iodine and the volume required for the titration of the separated iodine

be d c.c, the weight of chlorate present is given by the equation :

—

122.60
^ KC10o = rt X ^ X ^9—-o- = o.i6oq axb.^ 761.8

'

and the quantit}- of potassium chloride equivalent to this by the

equation :

—

^KC\ = a X b X ^7" - =o.OQ7Q a X b.
761.8

'^

When examining mixtures containing both hypochlorite and chlorate,

the quantity of hypochlorite present must be previously determined and
allowed for.

Kolb and Davidson ^ also carry out the determination at the

ordinary temperature. They dissolve about o-o8 g. of the chlorate in

10 c.c. of water, free from air, in a 500 c.c. flask, heat the solution on

the water-bath, and allow it to cool in a current of carbon dioxide
;

2 g. of potassium iodide and 50 c.c, of air-free hydrochloric acid of sp.

gr. I- 1 2 are then added, the whole allowed to stand for an hour,

protected from the light, diluted with boiled water saturated with

carbon dioxide to 300 c.c, and the liberated iodine finally titrated with

sodium thiosulphate.

M. Scholtz- reduces the chlorate to chloride with nitric acid and
sodium nitrite, adds a measured volume of A710 silver nitrate solution,

and titrates back the excess with ammonium thiocyanate, using ferric

ammonium alum as indicator.

Hendrixon^ reduces the chlorate with metallic iron, and titrates

the resulting chloride, after oxidising the iron with nitric acid.

1 Z. angew. C/iem., 1904, 17, 1883 ; 1905, 18, 1047, 1693. C/. also, Ditz, iSid., 1905, 18, 1518.
2 Arc/i. F/iarm., 1905, 243, 353 ; / Soc. Chem. Ind., 1905, 24, 904.
" Amer. Chem. J., 19C4. 32, 242.

2 K
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Chloride-chlorine.—The chlorine present as chloride is most con-

veniently estimated in the following manner. The available chlorine is

first determined by Penot's method (p. 503), whereby it is completely

converted to chloride, whilst the arsenite is oxidised to sodium arsenate.

The latter compound is an exceptionally good indicator for the silver

nitrate titration ; in fact, it is so much superior to potassium chromate

that it is unnecessary to make any deduction for the excess of silver

nitrate necessary to produce the coloration. It is therefore only

necessary to nearly neutralise the free alkali by cautious addition of

nitric acid (a slight excess of alkali is not harmful, excess of free acid is)

and then to titrate with silver nitrate solution, with good agitation, as

described on p. 123, until the precipitate becomes red owing to the

formation of a small quantity of silver arsenate. If preferred, the

chloride may, of course, be determined gravimetrically. On deducting

the chlorine corresponding to the hypochlorite found, from the total

chlorine as determined above, the quantity of chlorine present as chloride

in the original solution is obtained.

Carbonic acid.—In estimating carbonic acid, the details given in

describing the analysis of Deacon gases (p. 491) and of bleaching powder

(p. 509) apply. Naturally, appreciable quantities of carbonic acid cannot

exist in bleach solutions containing calcium oxide or magnesia ; they

may, however, be present in potash or soda bleaching solutions and in

electrolytic potash and soda liquors. This carbonic acid may be

estimated by first converting the hypochlorite to chloride by boiling

with ammonia solution free from carbonate, allowing the boiled solution

to cool under exclusion of carbon dioxide, and then determining the

total alkalinity by titrating a portion of the solution with methyl orange

as indicator. The alkali hydroxide is estimated in a second portion of

the solution after addition of barium chloride, as described on pp. 72 and

424. The difference between the two titrations gives the amount of

carbonate present. The carbonic acid may also be determined directly,

after decomposing the hypochlorite in the manner described above, by

liberating it with a strong acid and estimating it either gravimetrically or

gas-volumetrically (p. 149). Blattner's method (cf. infra) can also be used.

The estimation of carbon dioxide in presence of chlorine can also

be carried out by the simplified Lunge-Marchlewski method devised

by Lunge and Rittener ^ {cf. p. 153).

The apparatus employed is shown in Fig. 146. The decomposition

flask B has a capacity of about 30 c.c. ; it is fitted with a tap-funnel

C and capillary exit-tube D, which is cut off flush with the bottom

of the rubber stopper in B. D is connected with the exit-tube of the

Bunt6 burette A, as shown ; the ungraduated portion of the burette

must be calibrated.

' Z.angeiv, Chnn., 19C6, 19, 1849.
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To carry out a determination, sufficient substance or solution is

introduced into B to evolve not more than 60 c.c. of gas ; D is then

connected with the burette, the taps E and F opened, and the whole

evacuated by attaching an ordinary pump to F. This tap is then

closed and connected with the pressure-bottle G, charged with a

saturated brine solution, which is used as the confining liquid in place

of mercury. A little of the brine solution is allowed to enter the

capillary portion of the bottom of the nitrometer, as a check on any
possible leakage, and the tap F again closed.

Fig. 14i).

The substance in B is then decomposed by adding hydrochloric

acid, drop by drop, from the tap-funnel C ; when the evolution of gas

slackens the contents of B are heated, and the complete evolution of

the liberated gases facilitated by the addition of from 2 to 3 c.c. of

hydrogen peroxide ; on again heating, the evolved oxygen drives

out all the dissolved gas. The burette is then disconnected, allowed

to stand for about twenty minutes and the volume of gas read, after

adjusting the pressure by means of the bottle G. After taking the

reading, a measured excess of an Nlio sodium arsenite solution is

added, through the burette funnel, to absorb the chlorine, and any
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portion adhering to the funnel washed in with a Httle water ; this

solution floats on the heavier solution of brine. The pressure-bottle

G is then detached and the carbon dioxide absorbed by sodium
hydroxide solution introduced through E ; as all the chlorine has

been previously removed, no chlorate can be formed during this

absorption. When the absorption is complete the residual volume
of gas is read, which, deducted from the original reading, gives the

volume of carbon dioxide and chlorine, after correcting each reading for

temperature and pressure; the vapour pressure of the brine solution

may be taken as 80 per cent, of that of pure water.

To determine the chlorine, the contents of the burette are washed
out into a beaker, acidulated with hydrochloric acid, an excess of

sodium bicarbonate added, and the unchanged arsenite titrated with

Ayio iodine solution. The volume of carbon dioxide collected is then

calculated by difference.

Bases.—As regards the bases, should only one be present, as is

usually the case, the total quantity may be estimated by conversion to

sulphate by evaporating with sulphuric acid. Calcium and magnesium
may also be determined as oxalate and pyrophosphate respectively,

after first decomposing the hypochlorite by boiling with a strong

acid.

Alkali hydroxide and carbonate.—Blattner 1 describes the following

neat method for determining these constituents in Eau de Javel.

It depends upon the fact that phenolphthalein preserves its red

colour in hypochlorite solution so long as alkali hydroxide is present, but

that the colour is destroyed by free chlorine as soon as all the hydroxide

has been removed, and does not return on the further addition of free

alkali. Ten c.c. of the bleach liquor are diluted with 150 c.c. of

previously boiled and distilled water, a few drops of a i per cent, alcoholic

solution of phenolphthalein added, and the solution then titrated with

normal acid, continuous agitation being maintained during the addition

of the acid. The whole of the alkali hydroxide is neutralised when the

coloration produced by the addition of a fresh drop of phenolphthalein

solution disappears on shaking the solution for five seconds. Each i

c.c. of normal acid used corresponds to 0-03105 g. Na.,0 or 0-04006 g.

NaOH. The total alkalinity, NaOH + NaXO^, is determined in a second

portion of the liquor by boiling with ammonia until the hypochlorite

has been decomposed and all unchanged ammonia driven off, and then

titrating with acid in the usual manner. The above methods are

especially suitable for the examination of caustic potash or caustic soda

solutions produced electrolytically, which usually contain hypochlorite.

The following is a very simple method of determining the free

alkali. A small quantity of chemically pure, neutral hydrogen peroxide

^ Lunge, Sulphuric Acid and Alkali^ vol. iii., p. 439.
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is added to the solution to decompose the hypochlorite, according

to the equation NaOCl + HoO._, = NaCl + Oo+H.O, and the sodium

hydroxide and carbonate present are then titrated in the usual manner

{cf. pp. 72 and 424). ^
H. V. Huber^ has described a method for the examination of

electrolytic liquors which contain chromate. Phenolphthalein is, in this

case, unsuitable as an indicator for the free alkali present ; methyl

orange, however, gives a perfectly sharp colour change at the point

where potassium chromate is converted into the bichromate. If, there-

fore, the chromate content is known, it is only necessary to deduct from

the total acid required for titration the quantity necessary to convert

the chromate into bichromate. If the quantity of chromate present is

not known, the chromate is precipitated by addition of barium chloride,

and the solution then titrated with acid. Where the quantity of

chromate present is small, it is not necessary to filter the solution before

titrating. Any hypochlorite or free hypochlorous acid in the liquor

must first be removed ; this may be done without affecting the alkalinity,

by addition of neutral sodium sulphite or of sodium thiosulphate. If

sodium sulphite be used, an excess must be avoided, since with methyl

orange the colour change only occurs when such excess has been con-

verted to the acid sulphite which involves the consumption of the

corresponding quantity of acid {cf. p. 65).

III. Potassium Chlorate

The potassium chlorate of commerce is generally almost chemically

pure, and contains only a very small trace of chloride, the quantity of

w^hich should not exceed 005 per cent. For this reason it is necessary

to take a somewhat large quantity of chlorate, say 50 g., for the

determination of the chloride. The chlorate is dissolved in distilled

water, and the chloride precipitated by addition of silver nitrate solu-

tion. The distilled water employed must be perfectly free from

chlorides. The chlorate should dissolve without residue, and the solu-

tion should not be coloured by organic matter. Ammonium sulphide

should not produce any coloration, indicating the absence of iron,

manganese, or lead. Garnier- found arsenic in potassium chlorate.

Potassium nitrate only occurs in potassium chlorate as an

adulterant. According to the German Pharmacopceia, its presence is

detected by fusing the chlorate and examining the melt for alkalinity;

authorities are, however, agreed that this method is misleading, since even

pure potassium chlorate gives an alkaline reaction after fusion. The
following reactions are more satisfactory.^

^ Zeit. F/eclroc/ieni., 1901, 7, 396. - Fischer s Jahiesher., 1885, p. 260.

•^ Krauch, The Testing of Chemical Reagentsfor Pia-'ityy-^. 22"}.
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One g. of the salt is heated with 5 c.c. of sodium hydroxide solution
;

should ammonia be evolved, indicating the presence of ammonium salts,

the solution is boiled until all ammonia has been expelled. The
solution is then cooled, 0-5 g. of zinc filings and iron powder added, and

the whole again heated. Any ammonia then liberated is due to the

presence of nitrate. According to Scholvien,^ the potassium chlorate is

heated until the residual potassium chloride has also been brought to

fusion. The melt is dissolved in water, and the solution treated with

dilute sulphuric acid followed by zinc iodide-starch solution. The
coloration produced should not be sufficient to render the solution

opaque. A faint blue coloration is permissible, since witho-oi percent,

of nitrate the colour produced is so intense that the solution is quite

opaque.

A quantitative determination of the chloric acid in commercial

chlorate is scarcely ever undertaken, owing to the small amount of

impurity present ; it may, however, be carried out as described on p. 497.

This determination would be necessary for the indirect estimation of

sodium and potassium chlorate in a mixture of the two salts ; so far,

such mixtures do not, however, appear to occur in practice.

IV. Liquid Chlorine

The following physical properties of liquid chlorine are given by

A. Lange.^

Specific gravity at o, 1-469 ; 15', 1-426; 30°, 1-381.

Vapour pressure at 0°, yy ; 15°, 5-8
; 30", 8-7 atmos.

One kilo corresponds to a volume of 316 litres measured at 0° and

760 mm. pressure.

Critical temperature, 146°.

Critical pressure, 93-5 atmos.

Boiling-point at 760 mm., - t^t, -6.

Melting-point of the solidified gas, - 102".

Conditions of carriage on the German railways :—The capacity of

the containing vessel must be at the rate of 09 litre for each i kilo

of chlorine ; the cylinders must be officially tested up to a pressure

of 50 atmospheres ; the pressure test must be repeated annually.

' Apol/i. Zeit.y 1887, 408.

- Taschenhiich. d. Berliuer Bezirksvereines Deutsclier Cheniikei, 1898-99, p. 82.
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Pressure and Specific Gravity of Liquid Chlorine.

R. Knietsch.'

Temperature.
Degrees.
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